LTIQUID CRYSTAL DISPLAY

FIELD OF THE INVENTION

The present invention relates to liquid crystal
displays used for information systems, such as word
processofs and notebook-type personal computers, video
equipment of various kinds, video game machines, portable
VCRs, digital cameras, etc. More particularly, the
present invention relates to liquid crystal displays used
indoors and outdoors, or in automobiles, air-planes,

marine vessels, etc. where a variety of ambient light

conditions occurs.-
BACKGROULLD OF THE IKVANTION
Conventionally, CRTs " (Cathode Ray Tubes), EL
(Electroluminescence) elements, PDPs (Plasma Display

Panels), etc. have been put into practical use as
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displays of the light emissive type in which display
contents can be overwritten electrically.

However, since this type of displays emit display
light and use the same directly for the display, there
arises a problem that their power consumption is quite
large. Further since a light-emitting surface of the
displays of this type serves as a display surface having
high reflectance, if the displays of this type are.used
under the circumstances where ambient light is brighter
than the luminance, for example, in direct sunlight,
- there always occurs a phenomenon known as "wash-out" in
which the display light can not be observed.

On the other hand, liquid crystal displays have been
put into practical use as color displays which display
characters and/or images not by emitting the display
light, but by adjusting an amount of transmitted light
from a particular light source. These liquid crystal
displays include a transmission type and a reflection
type.

Of the two types, particularly popular are the

liquid crystal displays of the transmission type which

[N R S B - — ~ 7T o~ [T TR I S S 11 e - e Ty oo e
enploy a lighi source called tback ight" at the back
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side, namely, behind the liquid crystal cell. Since the
liquid crystal displays of the transmission type are

advantageous in thinness and lightness, they have been
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used in diversified fields. On the other hand, the
liquid crystal displays of the transmission type consume
a large amount of power to keep the back light turned ON.
Thus, regardless of the advantage that only a small
amount of power is consumed to adjust transmittance Of.
the liquid crystal, a relatively large amount of power is
consumed as a whqle.

Howevei, the liquid crystal diéplays‘ of “the
transmission type (that -is, color liquid crystal displaysv
of the transmission type) wash out 1less frequently
compared with the displays of the light emissive type.
This is because, in the color liquid crystal displays of
the transmission type, the reflectance on the display
surface of a color filter layer is reduced by the
reflectance reducing technique using a black matrix.

Nevertheless, it becomes too difficult to observe
the display light on the color liquid crystal displays of
the transmission type when they are used under the
circumstances where the ambient light is very strong and
the display light is relatively weak. This problem can

be eliminated by using brighter back light, but this
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Cion raises ancthexy  problem that the power

0

consumption is further increased.
Unlike the displays of the light emissive type and

liquid crystal displays of the transmission typé, the
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liquid crystal displays of the reflection type show the
display using the ambient light, thereby obtaining
display light proportional to an amount of the ambient
light. Thus, the 1liquid crystal displays of the
reflection type are advantageous in a principle that they
do not wash out, and when used in a very bright place in
direct sunlight, for example, the display can be observed
all the more sharply. Further, the 1liquid crystal
displays of the reflection type do not use the back light
for the display, and therefore, have another advantage
that the power for keeping the back light turned ON can
be saved. For the above reasons, the liquid crystal
displays of the reflection type are particularly suitable
as the devices for the outdoor use, such as portable
information tefminals, digital cameras, and portable
video cameras.

However, since these conventional liquid crystal
displays of the reflection type use the ambient light for
the display, the display luminance largely depends on the
surrounding environment, and when used under the
circumstances where the ambient light 1is weak, there
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arises a problem that the 43 lay

the disp cenfent can not be
observed. Particularly, in case that a color filter is
used for realizing the color display, the color filter

absorbs the light and the display becomes darker. Thus,
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when used under these circumstances, the above problem
becomes more apparent.

To eliminate the above problem, a lighting device
called "front light" hés been developed as an auxiliary
light, so that the 'liquid crystal displays of the
reflection type can be used under the circumstances where
the ambient 1light is weak. Since the 1liquid crystal
displays of;the reflection type have a refle¢ﬁion la?er
behind the liquid crystal layer, they can not use the
back light as do the liquid crystal displays of the
transmission type. For this reason, the lighting device
(front light) 1lights the liquid crystal displays of the
reflection type from the front side, that is, from the
display surface side.

'On the other hand, liquid crystal displays,
employing a traﬁsflective film which transmits a part of
incident light and reflects the rest, have been put into
practical use as the liquid crystal displays which can be
used under the circumstances where the ambient light is
weak while maintaining the advantages of the liquid
crystal displays of the reflection type. The 1liquid
crystal displays using both the transmitted light and
reflected light are generally referred to as the liquid
crystal displays of the transflective type.

For example, Japanese Laid-open Patent Application
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No. 218483/1984 (Tokukaisho No. 59-21843) (Japanese
Patent Application No. 92885/1983 (Tokugansho No. 58§-
92885)) discloses a liquid crystal display of the
transflective type which modulates the brightness by the
TN (Twisted Nematic) mode, STN (Super-Twisted Nematic)
mode, etc., which are known as the liquid crystal display
modes fqr modulating the . luminance of.the transmitted 
light. Also, Japanese'Laid—open Patenﬁ Application No.
318929/1995 (Tokukaihei No. 7-318929) discloses a liquid
crystal display of the transflective type, in which a
transflective film is provided in close proximity to the
liquid crystal layer; Further, Japanese Laid-open Patent
Application No. 160878/1994 (Tokukaihei No. 6-160878)
(USP Nos. 5,598,285 and 5,737,051) discloses a liquid
crystal display of the transmission type adopting the in-
plane switching method as a technique for realizing a
wider range of viewing angles. However, since the
‘liquid crystal display of the transflective type
disclosed in Japanese Patent Application No. 218483/1984
(Tokukaisho No. 59-218483) has the transflective film
behind the liquid crystal cell seen from the viewer’s
side, there occur the foilowing problems (1) and (2).

(1) It is very difficult to set the brightness which
affects a visibility of the display device. | More

specifically, when the brightness of the liquid crystal
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display of the transflective type is set adequately for
the reflection display, the brightness is set high, so
that it can be used under the circumstances where the
ambient light is insufficient. However, if the
brightness is set high by using a polarization plate
having high transmittance in the TN method, for example,
a contrast ratio, which is defined as a quotient obtained
byidividing the‘ﬁrightness in the light.display by Ehe
brightness in the dark display, becomes too low for the
transmission dispiay, thereby deteriorating the
visibility. Conversely, when the brightness of the
liquid crystal display of the transflective type is set
adequately for the transmission display, it is preferable
to set the brightness in such a manner as to raise the
contrast ratio. However, in this case, the brightness
becomes too low for the reflection display, thereby
deteriorating the visibility as well.

(2) In the refiection display, since the display is
observed by reflecting the light having passed through
the liquid crystal layer sandwiched by the two substrates
by the reflection film provided behind the liquid crystal
cell, there occurs parallax (double image) and the
resolution deteriorates, thereby making high-reéolution
display very difficult.

Also, in the 1liquid crystal display of the
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transflective type disclosed in Japanese Laid-open Patent
Application No. 318929/1995 (Tokukaihei No. 7-3188929),
since the transflective film is used as the reflection
film, there arises another problem that there is no
optical design sgch that can be suitable for both the
reflection display section and transmission display
section.

Furthér, alghoﬁgh .the in—plane. sWitching method
disclosed in Japanese Laid-open Patent Application No.
160878/1994 (Tokukaihei No. 6-160878) is employed in the
liquid crystal displays of the transmission type, the
director configuration of the liquid crystal on the comb -
shaped electrode does not contribute to the display.
This is not because, in most cases, the electrode lines
are made of metal that does not transmit light, but
because the director configuration of the liquid erystal

is not changea sufficiently for'the transmission display.

SUMMARY OF THE INVENTION
Thus, to eliminate the above problems, the inventors
of the present invention tried to apply the display
method capable of eliminating the parallax and emploved
in the liquid crystal displays of the reflection type to
the liquid crystal displays of the transflective type.

More specifically, the inventors conducted an assiduous
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study by applying the two £following methods to the
transflective display:

(a) the GH (Guest-Host) method for filling liquid
crystal composition blended with a dichroic dye into the
liquid crystal layer; and

(b) the reflection type 1liquid crystal display
vmethod using a single polarization;plate‘(hereinafter,
referred to as the single polérization plate method).

To apply the above two display methods (a) and (b)
which eliminate the parallax to the 1liquid crystal
displays of the transflective type, the reflection layer
is provided to touch or almost touch the 1i§uid crystal
layer, and a transmission opening is made through the
reflection layer to use the transmitted light for the
display in addition to the reflected light.
| Then, the study revealed the following problems. In
case of (a) GH method, when a concentration of the
dichroic dye blended with the liquid crystal composition
is adjusted adequately for the reflection display, the
~brightness is sufficiently high but the contrast ratio
becomes too low in the transmission digplay section,
thereby failing to obtain satisfactorv display. On the
other hand, when 'a concentration of the dichroic dye
blended with the liquid crystal composition is adjusted

adequately for the transmission display, the contrast



-10-
ratio is sufficiently high in the transmission display
section, but the brightness becomes too low in the
reflection display section, therebyAfailing to obtain
satisfactory display.

Also, in case of (b) single polarization plate
method, the director configuration of the liquid crystal
and a thickness of the Aliquid qrystal layer which
determineAthe.optical_charaétefistics, a voltage apblied
to the liquid crystal for driving the same, etc. are set
adequately for either the reflection display section or
the transmission display realized by additionally
providing a polarization plate or the 1like behind the
display surface (double polarization plate method) .

Firétly, the display in the transmission display
section when the thickness of the liquid crystal layer is
set adequately for the reflection display will be
explained. In this case, an amount of changé in the
polarization state caused when the director configuration
of the liquid crystal layer is changed by an extefnal
field, such as an electric field, is about a strength

-such that can realize a satisfactory contrast ratio when

21t light from the frent, that is, fxcw the display

L\
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surface side, passes through the liquid crystal layer and
exits to the display surface side by passing through the

liquid crystal layer again. However, when set in this
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manner, an amount of the change of the polarization state
of the light having passed through the liquid crystal
layer is not sufficient in the transmission display
section. Thus, even if the polarization plate used for
the transmission display'alone is provided behind the
liquid crystal cell seen from the viewer’'s side in
addition to the polarization plate used ﬁor the
reflection display and providea to the viewer/s side of
the liquid crystal cell, that is, the display surface
side, the display in the transmissiqn display section is
not satisfactory. In other words, when the director
configurations (thickness of the liquid crystal layer,
director configuration of the liquid crystal, etc.) of
the liquid crystal layer are set to be suitable for the
reflection display, in the transmission display section,
either the brightness is not sufficient or even if the
brightness is sufficient, the transmittance does not
decrease in the dark display, thereby failing to attain
a sufficient contrast ratio for the display.

To be more specific, in case of the reflection
display, the director configuration of the liquid crystal
in the ligulid crystal layer is controlled by means of a
voltage applied to the liquid crystal layer to impart a
phase difference of about 1/4 wavelength to the light

passing through the liquid crystal layer only once. When
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the) transmission display is shown with the voltage
modulation such 'that imparts a 1/4 wavelength phase
modulation to the light passing through the liquid
crystal layer set in such a manner as to impart the
above-specified phase difference to the light passing
through the same, if the transmittance of the
transmission di;play’section for the dark display is
lowered sufficiently, about half the luminance of ﬁhe
light is absorbed by the polarization platé at the light
outgoing side when the transmission display section shows
the light display, thereby failing to obtain satisfactory
light display. If optical elements, such as a
polarization plate and\a phase difference compensation
plate, afe provided to increase the brightness in the
light display in the transmission display section, the
brightness in the dark display in the transmission
display section is increased to about half the brightness
in the light display, and the resulting contrast ratio is
not satisfactory for the display.

Next, the display in the reflection display section,
in case that the director configurations of the liquid
Crystal layer are set to De sulcable for the transmission
display, will be explained. In case that the reflection
display is shown when the liquid crystal layer is set

adequately for the transmission display, the director



-13-
configuration of the liquid crystal must be controlled by
the voltage modulation in 'such a manner that the
polarization state of the light passing through the
liquid crystal layer only once is modulated between the
two polarization states which are orthogonal each other.
The two orthogonal polarization states include two
linearly polarized light beams having osc;llation planes
intersecﬁing at right angles, two circularly ﬁolarizea
light beams of right and left circularly polarization,
or two elliptically polarized light beams having the same
ellipticity whose major axis orientations.intersect at
right angles, thereby having opposite rotation directions
in their respective photo-electric fields. To realize
the modﬁlation of the polarization state in any
combination of ‘the above two polarization states being
orthogonal each other, a voltage must be modulated in
such a manner that the liquid‘crystal layer imparts a
phase difference of 1/2 wavelength to the light passing
through the same. When the polarization state of the
light 1is modulated by any combination bf the two
orthogonal polarization states in the above manner,
satisfactory Dbrightness and contrast ratio can be
attained in the transmission display optionally, by the
function of the polarization plate, with the help of the

phase difference compensation plate.
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However, when Ehe liquid crystal layer is set to
realize the above control, the reflectance in the
reflection display is changed from the light display to
the dark display and to the light display again while the
transmittance in the transmission display is changed once
from the light display to the dark display. Thus, the
same display, that is, either the light or dark display,.
can not be realiéed éimultaneously iﬁ the reflection
display section and transmission display section by the
same liquid crystal alignment changing means (for
example, the thickness of the ligquid crystal layer is
equal, the initial director configuration is identical,
and the driving voltage is equal). The problems raised
in the methods (a) and (b) are also raised with the
liquid crystal - display of the transflective type
disclosed in aforementioned Japanese Laid-open Patent
Application No. 318929/1995 (Tokukaihei No. 7-318929) .
In addition, a pressure detecting input device
(touch panel) superimposed on the liquid crystal display
has light reflecting properties, thefeby posing a problem
that the visibility is deteriorated. This problem is
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particularly cbvicus in the liguid crysial dizp
the reflection type.
Also, in general, a front light unit used to improve

the visibility of the liquid crystal displays of the
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reflection type under the circumstances where the ambient
light is weak has a planar light pipe structure. Thus,
the'display content is observed through this light pipe,
and there arises a problem that the visibility is
deteriorated.

The present invention is devised to solve the above
problems,vand it is‘therefore an.object of the present
inventioh to provide a 1liquid crystal .display with
excellent visibility, capable of showing high-resolution
display while wusing both the reflected light and
transmitted light for the display. It is another object
of the present invention to provide a 1liquid crystal
display with excellent visibility, capable of showing
high—resélutioh color display while using both the
reflected light and transmitted light for the display.

The inventors of the present invention continued an
assiduous study to fulfill the above and other quects,
and achiéved the present invention when-they discovered
that the cause of the problems occurred in the
conventional liquid crystal displays applying either the
GH method or polarization plate method is that the
director configuration of the liguid crystal layer is set
identical in the transmission display section and
reflection display section at the same time.

Here, the director configuration of the liquid
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crystal layer indicates not only the director defined as
orientation of ﬁhe liquid crystal molecules at a specific
point in the liquid crystal layer, but also the variation
of the director field with respect to the position along
the normal axis of the liquid crystal layer.

To be more specific, to fulfill the above and other
objects, a liquid crys;al display of the present
invention is a.liéuid crystal display furnishéd witﬁ a
liquid crystal display element having' a pair of
substrates, to which alignment members are provided to
their respective opposing surfaces, and a liquid crystal
layer sandwiched by the pair of substrates, characterized
in that:

alignment ‘mechanism for providing at least two
different director configurations simultaneously on
different arbitrary regions used for display in the
liquid crystal layer is provided;

a reflecting member is provided to at least one of
the aifferent arbitrary regions showing different
director configurations; and |

the different afbitrary regions showing different
director configuraticns are used for a reflection display
section for showing reflection display and a transmission
display section for showing transmission display,

respectively.
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According to the above arrangement, the director
configuration of the liqﬁid crystal can be different
simultaneously. Thus, for example, an amplitude of
modulation in an opti-physical quantity, such as an
amount of absorbed light (absorbance) in case that a
light absorber 1like a .dichroic dye is used for the
display, and a phase difference. in case that optical
anisotropy -is used for the display, can be changed
separately in each region having a different director
configuration of the liquid crystal. Thus, aécording to
the above arrangement, the transmittance or reflectance
based on an amplitude of modulation in an opti-physical
quantity in response to the director configuration of the
liquid crystal layer can be obtained, thereby making it
possible to set the optical parameters of the
transmission display section and those of the reflection
display section independently. Consequently, according
to the above arrangement, it has become possible to
provide a liquid crystal display of the transflective
tyﬁe with excellent visibility, capable of showing high-
reéolution display while using both the reflected light
and transmitted light for the displiay.
Also, to fulfill the above and ‘other objects, a
liquid crystal display of the present invention is a

liquid crystal display furnished with a liquid crystal
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display element having a pair of substrates, to which
alignment members are provided to their respective
opposing surfaces, and a liquid crystal layer sandwiched
by the pair of substrates, characterized in that:

a region used for display in the 1liquid crystal
layer 1is composed of regions having at 1least two
different,thicknesses of.;he liquid crystal layer;

tﬁe regions having at ieast two diffefent
thicknesses are used for a reflection display section and
a transmission display section, respectively; |

a reflecting member is provided at least to the
reflection display section; and

the thickness of the liquid crystal layer is thinner
in the | reflection display section than in the
transmission display section.

According to the above arrangement, the
transmittance or reflectance based on an amplitude of
modulation in an opti-physical quantity in the regions
having different thicknesses of the liquid crystal layer
can.be obtained, thereby making it possible to set the
transmission display section and reflection display
secticon independently. Thus, according to the above
arrangement, it has become possible to provide a liquid
crystal display of the transflective type with excellent

visibility, capable of showing high-resolution display
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while using both the reflected light and transmitted
light for the display.

According to the present invention, satisfactory
display can be shown on both the reflection display
section and transmission display section by providing the
above arrangement to the 1liquid crystal display.
However, there is an optimal ratio Qf the reflection
display éection to the transmission display éection for
showing satisfactory display, and this optimal ratio
varies depending on whether color display or monochrome
display is desired, or whether the display is shown
mainly by the reflection display or transmission display.

In the liquid crystal display of the present
inventioh,_ in case that both the reflection display
section and the—transmission display section show color
display, it is preferable that an area of the reflection
display section accounts for 30% or above and 90% and
less of a total of areas of the reflection display
section and the transmission display section.

When the color display is shown on the 1liquid
crystal display of the present invention in the above

mannexr, besides the liguid crystal laver, s
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color filter layer, which plays an important role in
color reproduction, is critical. According to the study

of the inventors of the present invention, the liquid
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crystal display of the transflective type will be used in
typical two styles.

One is a style that mainly shows the transmission
display in general use and uses the reflection display
sﬁpplementarily, so that the wash-out can be prevented
under the lighting environment where the ambient light isg
very strong, and therefore( can be used extensivelyvin‘
divérsifiéd lighting .environﬁents compared. with the
displays of the luminous type or the 1liquid crystal
displays of the transmission type. The other is a style
that mainly shows the reflection display in general use
by exploiting the advantages of the reflection display
that the power consumption is small and the lighting
device known as the back light is turned ON only when
used under the circumstances where the lighting is weak.
Hence, like in the former style, this style can be used
extensively in diversified lighting environments.

In the former style (the style showing the
transmission display mainly), by providing a color filter-
having a transmission color at least in the transmission

display section of the regions making up the region of

'
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each pixel in at least ona of the wais of
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has become possible to provide a liquid crystal display

’

with excellent visibility, capable of showing high-

resolution color display while using both the reflected
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light and transmitted light for the display.

When the colgr display is shown in the above manner,
it is effective if the color filter having a transmission
color is provided at least to the transmission display
section in each pixel, and in the reflection display
section, either no colof film is used or a color filter
having the same brightness as the brightness of the color
filter provided to tﬁe ﬁrénémission display section or a
color filter having a transmission color brighter than
the Qrightness in the color filter provided to the
transmission display section, is provided at least
paftially.

In the latter style (the style showing the
reflection display mainly), by providing a color filter
having a transmission color at least in the reflection
.display section of the regions making up the display
region of each pixel in at least‘one of the pair of
substrates, it has become possible to provide -a liquid
crystal display with excellent visibility, capablé of
showing high-resolution color display while using both
the reflected 1light and tranémitted light for the
display.

When the color display is shown in the above manner,
it is effective if the color filter having a transmission

color is provided to at least the reflection display
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section in each pixel, and in the transmission display
section, either no color film is used or a colof filter
having chroma as good as the chroma of the color filter
provided to the reflection display section or a color
filter having a transmission color with better chroma
than the chroma of the color filter provided to the
reflection display section, is prpvided_ a; .leas;
pértially. |

According to the above arrangement, it has become
possible to provide a liquid crystal display with
excellent visibility, capable of showing a high-
resolution color display while using both the reflected
light and transmitted light for the display.

For a fuller wunderstanding of the nature and
advantages of the invention,.reference'should be made to
the ensuing detailed description taken in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross section showing a major portion
of a liquid crystal display in accordance with Embodiment

1 of the present invention;
Figure 2 is a view showing display characteristics
of a liquid crystal display of Example 1;

Figure 3 is a view showing display characteristics
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of liquid crystal displays of Comparative Examples 2 and

3,

Figure

respectively;

4 is a cross section showing a major portion

of a liquid crystal display in accordance with Embodiment

2 of the present invention;

Figure

5 is a view explaining a déefinition of a

crossed rubbing angle;
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6 is a view showing diséla& characteristics
crystal display of Example 2;
7 is a view showing display characteristics
crystal display of Example 3;
8 is a view showing display characteristics
crystal display of Example 4;
9 is a view showing display characteristics
crystal display of Example 5;

10 is a view showing display characteristics

‘crystal display of Example 6;

11 is a view showing display characteristics
crystal display cf Example 7;

12 is a view showiqg display characteristics
crystal display of Comparative Example 3;

13 is a view showiﬁg display characteristics
crystal display of Example 8;

14 is a view showing display characteristics

crystal display of Comparative Example 4;
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Figure 15 is a view showing display characteristics
of a liquid crystal display of Comparative Example 5;

Figure 16 is a view showing display characteristics
of a liquid crystal display of Example 9;

Figure 17 is a view showing the steps of the
alignment treatment applied to the substrates used for a
liquid crystal display in accordance with Embodiment 4 of
the present iﬁvention;r |

Figures 18 (a) »through 18 (e) are cross sections
schematically showing the alignment treatment steps of
Figure 17;

Figure 19 is a view showing display characteristics
of a liquid crystal display of Example 10;

Figure 20 is a view showing display characteristics
of a liquid crystal display of Example 11;

Figure 21(a) is a croés section showing a major
portion of a‘liquid crystal display of Example 12 when no
voltage is applied;

Figure 21(b) is a cross section showing the major
portion of the liquid crystal display of Figure 21 (a)
when a voltage is applied;

Figure 22 is a view showing display characteristics
of a liquid crystal display of Example 12;

Figure 23 (a) is a plan view showing a major portion

of a TFT element substrate for realizing a liquid crystal
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display of the transmission-main transflective type in
accordance with Embodiment 7 of the present invention;

Figure 23(b) is a view showing a driving electrode
of a reflection display section on the TFT element
substrate of Figure 23(a);

Figure 23 (c) is a Qiew showing a transparent pixel
electrode-on the TFT element substrate Qf Figu#e 23(a);

Figure 24 is a ‘cross section of the TFT element
substrate taken on line A-A’ of Figure 23 (a) ;

Figure 25 is a cross section of the. TFT element
substrate taken on line B-B’ of Figure 23 (a);

Figure 26(a) is a plan view showing a major portion
of the liquid crystal display of the transmission-main
transflective type in accordance with Embodiment 7 of the
present invention, and it is a partial cutaway view of a
color filter substrate showing an alignment of color
filters formed on the color filter substrate used in the
above 1liquid crystal display of the transmission-main
transflective type with respect to a transmission display
opening of a driving electrode formed in the reflection
display section on the TFT element substrate of Figure
22{z) ;

Figure 26(b) is a cross section of the color filter
substrate of Figure 26 (a);

Figure 27 is a cross section showing a major portion
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of the liquid crystal display taken on line c-C- of
Figure 26 (a);

Figure 28 is a plan view showing a major portion of
a TFT element substrate for realizing a liquid crystal
display of the reflection-main transflective type in
accordance with Embodiment 7 of the present invention;

Flgure 29 (a) is a plan view showing a major portion
of the 1liquid crystal display of the reflection-main
transflective type in accordance with Embodiment 7 of the
present invention, and it is a partial cutaway view of a
color filter substrate showing an alignment of color
filters formed on the color filter substrate used in the
above 1liquid crystal display of the reflection-main
transfleétive type with respect to a transmission display
opening of a driving electrode formed in the reflection
display section on the TFT element substrate of Figure
28; |

Figure 2§(b) is a cross section of .the color filter
substrate of Figure 29 (a) ;

Figure 30 is a contour plot showing a relation of
adapted luminance which imparts perceived brightness of
juivalient value versus sample luminance;

Figure 31 is a view showing characteristics of a
relation of illuminance versus perceived brightness in a

liquid crystal display of the transflective type in
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accordance with Embodiment 8 of the present invention;
and
Figure 32 is a cross section schematically showing
an arrangement of a major portion of a liquid crystal
display incorporating an input device in accordance with

Embodiment 11 of the present invention.

DESCRIPTION OF THE EMBdDIMENTS

A liquid crystal display of the present invention is
characterized in that the director configuration of the
liquid crystal can take different states respectively in
the reflection display section and transmission display
section at the same time._ Here, the director
configuration of the liquid crystal méans not only the
director defined as orientation of thé liquid crystal
molecules at a particular point in the liquid.crystal
layer, but also the variation of the director field with
respect to the position along the normal axis of the
liquid crystal layer. Thus, in the present invention,
methods of realizing different director configurations of
the liquid crystal in the reflection display section and
Lranswmissicn display section and alignment mechanisms
used for these methods are classified into three
categories, and each will be explained separately below.

In a first category method, the liquid crystal is
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given different director configurations in the reflection
display section and transmission display section by means
of an alignment mechanism formed to impose a specific
condition of the liquid crystal layer differently in the
reflection display section and transmission display
section.

To be more specific, examples of the first category
method inciude:

(1) using an alignment mechanism that twists the
director of the liquid crystal at totally different twist
angleé in the reflection display section and transmission
display section;

(2) using an alignment' mechanism that .greatly
changes the tilt angle of the director of the liquid
crystal with respect to the substrates;

(3) providing liquid crystal materials éf different
kinds in the reflection display section and transmission
display section; and

(4) bleﬁding different kinds of dyes with the liquid
crystal material at different concentrations in the
transmission display section and reflection display
section (in this case, a liquid crystal material of the
same kind may be used in the transmission display section
and reflection display section).

The liquid crystal display of the present invention
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is furnished with the mechanism used for implementing the
above methods as the alignment mechanism of thé present
invention. The first category method and the alignment
mechanism used for the first category method may be a
combination of any of the above example wmethods (1)
through (4), and different director configqurations of the
liguid crystal can be‘realizgd in the reflection display
section and transmission display section by the above
example methods and the alignment mechanism used for
- these example methods;

In a second'category method, the liquid crystal is
given different director configurations in the reflection
display section and transmission display section by
display content overwriting means for overwriting the
display content with a time lapse (in other words, the
alignment mechanism . that makes the director
configurations of the liquid crystal different in the
transmission display section and reflection display
section is a display content overwriting means) . The
display content overwriting means adopted in the second
category method can be any of the existing display
overwriting msans.

More specifically, examples of the second category

method include:

(5) overwriting the director configuration of the
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ligquid crystal by using different electfodes in the
transmission display section and reflection display
section as the alignment mechanism, in other words,
applying different voltages as the display content
overwriting means directly to the reflection display
section and transmission diéplay section;

(6) applying substantially different voltages to the
reflectioﬁ display section and transmission display
section from the same electrode. In this case, the
liquid crystal is given with different director
configurations in the reflection display section and
transmission dispiay section driven by a common electrode
by providing an insulation body (for example, an
insulation film) having different layer thicknesses in
the reflection display section and transmission display
section between the liquid crystal 1layer and the
electrode driving the same; and

(7) making the directions of the electric fields
different in the reflection display section and
transmission display section. 1In case that the display
is shown by changing the in-plane alignment direction of

-1 N . . -
-

e liguid cryscal of the liquid crystal layer by means

(L

of an electrode group provided in parallel with one of
the substrates sandwiching the liquid crystal layer for

supplying different potentials to the liquid crystal
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layer, the director configurations of the liquid crystal
differ greatly at a region between the electrodes and a
region on the electrode. Thus, these regions having
different director configurations of the liquid crystal
- may be used for the reflection display and transmission
display, respectively. Further, a method of applying
different potentials to the llquld crystal layer aligned
perpendlcularly to the substrates by the same electrode
group may be adopted. In case of adopting the second
category method, the electrodes or insulation body used
for implementing the above example methods, or a
combination thereof corresponds to the alignment
mechanism of the present»invéntion, and naturally, the
reéulting liquid crystal display is furnished with such
alignment mechanism.

In a third category method, the director
cénfigurations of the 1liquid crystal do not differ
greatly, but the thicknesses of the liquid crystal layer,
which are factors that determine the optical
characteristics, differ in the reflection display secﬁion
and transmission display section. To implement the third
category wethod, an vinsulation tiim having different
thicknesses in the reflection display section and
transmission display section, substrates having different

layer thicknesses Oor shapes in the reflection display
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section and transmission display section, etc. are used
as the above élignment mechanism.

In case of adopting the third category method, the
director configuration of the liquid crystal may be
twisted uniformly like in the TN method adopted in the
liquid crystal display employing two polarization piates,
for example. 1In this case, the director configuratiqn of
the 1liquid crystal is parallel to the substra;es
sandwiching the liquid crystal layer, and the director is
twisted while changing its direction in the plane of one
of the substrates in accordance with a distance from that
substrate. When this director configuration of the
liquid crystal is adopted in the reflection display
section énd transmission display section by varying the
thickness of the liquid crystal layer, satisfactory
display can be realized both in the reflection display
section and transmission display section, because the
optical characteristics vary with the thickness of the
liquid crystal layer.

Also, in the GH method, since varying the thickness
of the liquid crystal layer can offer substantially the
same elifect as the effect obtained in case of cnanging
the concentration of the dye, satisfactory display can be
realized both in the reflection display section and

transmission display section, even when the director
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configurations of the liquid crystal are substantially
the same in the reflection display section and
transmiséion‘display section.

As has been explained, the meghod for realizing
different director configurations of the liquid crystal
in the reflection display section and transmission
display section and.the alignment mechanism used for this
method are classified into three categories, and the
liquid_crystal display method used in the liquid crystal
display of the present invention realized by the above
method and alignment mechanism is not especially limited,
and can be selected from the methods using a change of
the director configuration of the liquid crystal for the
display. "Examples of the liquid crystal display method
applicable in the present invention ihclude: a mode using
the nematic phase of the liquid crystal composition for
the display, such as the TN method, STN method, nematic
bistable mode, vertical alignment mode, hybrid alignment
mode, and ECB (Electrically Controlled Birefringence)
mode. Also, a mode using scattering, such as the polymer
dispersing type liquid crystal mode and dynamic
scattering method, can be used as the above liquid
crystal display method. Further, the surface stabilized
ferroelectric 1liquid crystal display method using

ferroelectric liquid crystal composition and the
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thresholdless switching anti-ferroelectric liquid crystal
display method using anti-ferroelectric liquid crystal
can be used as the above liquid crystal display method of
the present invention, because they also use a change of
the director configuration of the liquid crystal for the
display.

In case of adopting the third category method, the
liquid crystal display method used in the present
invention can be a method of using modulation of the
optical rotatory polarization 1like the TN method, a
method of using the modulation of the retardation like
the ECB mode, or a method of ﬁodulating light absorption
(absorbance) like the GH method. In case of adopting the
third category method, besides the above methods, any
method is applicgble, provided that the thickness of the
liquid crystal layer is a critical factor fér determining
the optical characteristics, and provided that making the
liquid crystal layer thick in the transmission display
section and thin in the reflectién display section can
offer an effect of realizing satisfactory display.

As has been discussed, the liquid crystal display of
the present invention is furnished with a ligquid crystal
display element having a pair of substrates, to which
alignment members (alignment means) are provided to their

respective opposing surfaces, and a liquid crystal layer
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sandwiched by the pair of substrates, and it is arranged
in such a manner that: it is furnished with alignment
mechanism for imparting at least two different director
configurations to arbitrary and different areas in the
liquid crystal layer used for the display'simultaneously;
a reflecting member (reflecting means) is érovided in at
least one of the regions.showing the differentAdirectqr
configurations in the liquia crystal layer; and the
regions showing the diffe:ent director configurations are
used és a reflection aisplay section for showing
reflection display and a transmission display section for
showing transmission display, respectively. This
arrangement makes it possible to obtain transmittance or
reflectance based on an amplitude of modulation in an
opti-physical Quantity in response to the director
configuration. of the 1liquid crystal layer, thereby
fealizing a high contrast ratio without causing any
parallax.. Consequently, not only can the visibility
“under dark circumstances be imprbved, but also
satisfactory visibility can be obtained even when the
ambient light is strong.

To change an amplitude of modulation in an opti-
physical quantity (such as absorption of 1ight; and a
phase difference caused by optical anisotropy) in the

reflection display section and transmission display
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section independently, even if the.alignment direction of
the liquid crystal determined by the applied voltage is
oriented to substantially the same direction across a
region of the liduid crystal layer used for ﬁhe display,
regions having different thicknesses of the liquid
crystal layer can attain substantially the sams effect as
the effect obtsined when the alignment directipn of the
liquid crystal layer is shanged in these regions. For
this reason, another 1liquid crystal display of the
present invention is furnished with a liquid crystal
display element having a pair bf substrates, to which
alignment members (alignment means) are provided to their
respective opposing surfaces, and a liquid crystal layer
sandwiched by the pair of substrates, and it is arranged
in such a mannef that:

a region used for display in the liquid crystal
layer is composed of regions having at lésst two
different thicknesses of the liquid crystal layer;

the regions having at least two different
thicknesses are used for a reflection display section and
a transmission display section, respectively;

a reflecting wmember (reflecting means) is provided
at least to the reflection display section; and

the thickness of the liquid crystal layer is thinner

in the reflection display section than in the
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transmission display section.

This arrangement also makes it possible to obtain
transmittance or reflectance based on an amplitude of
modulation in an opti-physical quantity in regions having
different thicknesses of the liquid crystal layer.
Accordingly, the transmission display section and
reflection display section can be set independently.
Thus, according to the abovelarrangement, a high contrast
ratio can be attained without causing any parallax, and
not only can the visibility under dark/circumstances-be
improved, but also satisfactory visibility can be
obtained even when the ambient light is strong.

A liquid crystal display realizing satisfactory
reflection display and transmission display by changing
the thickness of the liquid crystel layer in the
reflection display section and transmission' display
section will be explained mainly in Embodiments 1 and 2

below.

Embodiment 1

Mainly referring to Figure 1, an example liquid
crystal display adopting the GA metnod will be explained
in the present embodiment.

Figure 1 is a cross section of a major portion of

the liquid crystal display in accordance with the present
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embodiment. As shown in the drawing, the liquid crystal
display includes a 1liquid cxrystal cell 100 (liquid
crystal display element), and optionally, a back light 13
(lighting device) serving as back 1light means. The
liquid crystal cell 100 and back light 13 are provided
sequentially in this order from the viewer’s (user’s)
side.

As shown in the drawing, the liquid crystal cell 100
is composed of a liquid crystal layer 1 sandwiched by an
electrode substrate 101 (first substrate) and an
electrode substrate 102 (second substrate). The
electrode substrate 101 has an alignment film 2 on a
surface touching the liquid.crystal layer 1 (an interface
between ﬁhe first substrate and the liquid crystal layer
1), and the electrode substrate 102 has an alignment film
3 on a surface touching the liquid crystal layer 1 (an
interface between the second substrate and the liquid
crystal layer 1). |

The electrode substrate 101 is composed of a
substrate 4 made of, for example, a light transmitting

glass substrate on which are formed an electrode 6

o]

(voltage applving means) for applving 2 voltage to the
liquid crystal layer 1, and the electrode 6 is covered
with the alignment film 2 (alignment mechanism) to which

the rubbing treatment has been applied.
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On the other hand, the electrode substrate 102
provided in such a manner as to oppose the electrode
substrate 101 through the 1liquid crystal layer 1 is
composed of a light transmitting substrate 5 on which are
formed counter electrodes 7 (voltage applying means)
opposing the electrode 6 through an insulation £ilm 11
for applying a voltage to the liquid crystal layer 1.

The insulation film 11 is made in such a manner as
to have different film thicknesses in regions
~corresponding to a region of the liquid crystal layer 1
used for the display, so that the above region of the
liquid crystal layer 1 used for the display has at least
two different thicknesses of the liquid c¢rystal layer
(herein, exactly two different thicknesses). To be more
specific, the insulation film 11 is made thinner in the
region corresponding to the transmission display section
10 than in the region corresponding to the reflection
display section 9.

In the region of the electrode substrate. 102
corresponding to the reflection display section 9, a
reflection film 8 (reflecting means) is formed to cover
the electrodes 7, and further, the alignment £film 3
(alignment member, alignment mechanism) to which the
rubbing treatment has been applied is formed to cover the

electrodes 7 and reflection f£ilm 8.
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Here, each of the electrodes 6 and 7 is a
transparent electrode made of ITO (Indium Tin Oxide), for
example. Also, a voltage is applied to the eléctrodes 6
and 7 to apply an electric field in the liquid crystal
layer 1. Thus, the display is controlled by a voltage
applied in accordance with the display content.

Also, the,reflec;ion film '8 has light reflecting
properties, and is made of metal,vsuch as aluminum or
silver, or composed of dielectric multi-layer film
mirror. In case that the reflection film 8 is made of a
conducting material, the reflection film 8 may also serve
as an eléctrode instead of the electrodes 7. In other
words, the reflection film 8 may be a reflective pixel
electrode serving both as a liquid crystal driving
electrode for driving the liquid crystal layer 1 and the
reflecting means. Further, the reflection film 8 may be
a color reflection film which reflects light having a
wavelength in a range selected from the visible light, as
the case may be.

It should be appreciated that the materials and
producing methods of each member forming the electrode
substraces 101 and 102 are not limited to the above
disclosure, and any known material and typical method are
applicable. Also, the arrangement of the liquid crystal

display is not limited to the above-described
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arrangement . for example, it may be arranged in such a
manner that voltages are applied to the electrodes § and
7 of the reflection display section 9 and transmission
display section 10 directly from an exterior of the
liquid crystal cell 100 in the form of a signal from a
touch panel (pressed coordinate detecting type input
,means)( or the 1like, ~which will be' explained in
embodiments below. Also, active elements, such as TFT
elements and MIM elements, may be provided as the
switching elements.

As shown ianigure 1, the electrode substrates 101
and 102 are bonded to each other with a sealing agent or
the like_in such a manner that their respective alignment
films 2 and 3 oppose each other, and ligquid crystal
composition is filled-into a space therebetween, whereby
the liquid crystal layer 1 is formed.

The back 1light 13 is provided behind the liquid
crystal cell 100 seen from thg viewer’'s (user’s) side,
that is, at the back side of the electrode substrate 102.
The back light 13 is mainly composed of a light source
13a and a light pipe 13b. For example, the light source
13a 1s provided along the side surface of the light pipe
13b, and accordingly, the light pipe 13b receives light
emitted from the light source 13a on the side surface

where it is provided, and emits the received light to an
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object, namely, the liquid crystal cell 100. Here, any
existing lighting device can be used as the back light
13.

In the above-arranged liquid crystal display, the
reflection display section 9 on which is formed the
reflection film 8 shows the display by controlling the
reflection luminance of the ambient light in;ident on the
display surfacé from the substrate 4 side, that is from
the viewer’s side, by changing the director configuration
of the liquid crystal. The transmission'display section
10 on which is formed no reflection film 8 shows the
display by controlling the luminance of the transmitted
light incident on the display surface from the substrate
5 side by changing the director configuration of the
liquid crystal. - In this case, light emitted from the
back light 13 provided behind the liquid crystal cell 100
may be used, as the case may be.

As has been explained, the liquid crystal display of
Figure 1 is assembled in such a manner as to have
different thicknesses of the liquid crystal layer in the

reflection display section 9 and transmission display

secticn 10. Consequ
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display has substantially different director
configurations of the liquid crystal in the reflection

display section 9 and transmission display section 10.
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Here, the arrangement of the liquid crystal display
having different thicknesses in the reflection display
section 9 and transmission display section 10 will be
explained in the following.

The liquid crystal layer can be given different
thicknesses ih the reflection display section 9 and
transmission display. section 10, for example, by
providing the insulation -film 11 having diffefént
thicknesses in the reflection display section 9 and
transmission display section 10 as shown in Figure 1.

In order to vary the thickness of the liquid crystal
layer in the reflection display section 9 and
transmission display section 10, it is sufficient if at
least one.of the substrateé (electrode substrates 101 and
102) sandwiching the liquid crystal is arranged in the
above manner.

Therefore, the insulation £ilm 11 is not necessarily
provided on the substrate 4 and it can be provided on the
substrate 5 instead. Even in this case, the reflection
film 8 is provided on the substrate 5 on the electrode
substrate 102 side (that is, opposing side to the display
surface side (electrode substrate 101 side) through the
liquid crystal layer 1).

In the 1liquid crystal display of Figure 1, the

thickness of the liquid crystal layer is changed in the
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reflection display section 9 and transmission display
section 10 by changing the thickness of the insulation
film 11 in a region corresponding to the reflection
display section 9 and a region corresponding to the
transmission display section 10. However, the same can
be realized by forming the substrate 4 or 5 it seif in
exactly the same shape as the insulation film 11 of
Figure 1.

When the thickness of the insulation f£ilm 11 is
changed in'the region corresponding to the reflection
display section 9 and the region corresponding to the
transmission display section 10, the insulation film 11
on the region corresponding to the transmission display
section 10 is made thinner than the insulation film 11 on
the region corresponding to the reflection display
section 9 as shown in Figure 1, or the insulation film 11
is formed on the region corresponding to the reflection
display section 9 alone, and not on the region
corresponding to the transmission display section 10.

Further, the thickness of the liquid c¢rystal layer
in the reflection display section 9 or in the
transmission display section 10 is kept constant by
providing spacers (not shown) to the liquid crystal layer
1 or by any other applicable means. For example, when

spherical spacers are provided to the 1liquid crystal
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layer 1, the thickness of the thinner liquid crystal
layer in the reflection display section 9 is almost as
large as the diameter of the spacers.

The liquid crystal layer 1 sandwiched by a pair of
the substrates prepared in the above manner, that is, the
electrode substrates 101 and 102, is made of the iiquid
crystal composition.as previoﬁsly mentioned. - As the
liquid crystél display method using the liquid crystal
layer 1, the GH method may be used, in which the liquid
cfystal composition prepared by blending a dichroic dye
12 with liquid crystal is used as shown in Figure 1, and
the director configuration of the liquid crystal and the
alignment direction of the dichroic dye 12 are changed
simultanéously upon application of an electrié field in
the liquid crystal layer 1, so that the display is shown
using the variance of the absorption coefficient caused
by the dichroism.

Next, the following will explain, with reference to
Figure 1, the action of the liquid crystal layer 1 in the
'GH method, and the display principle in case that the
thicknesses of the liquid crystal layer are different in

the reflection display s

i

(o

[¢

cticn S and transmission aisplay
section 10.
When the display is shown on the liquid crystal

display of Figure 1, the display is shown in the
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transmission display section 10 by letting light emanated
from the back light 13 or the like behind the liquid
crystal layer 1 pass through the liquid crystal layer 1
only once and go out from the display surface as the
display light as is indicated by an arrow. Here, the
dichroic dye 12 blended in the liquid crystal composition
in the 1liquid crystal layer 1 changes its 1light
absorbance in respoﬁse to the director configuration of
the liquid crystal. Thus, when the liguid crystal is
aligned in parallel with the display surface (electrode
substrate 101) as shown in a transmission display section
10a (which 1is referred to as planer alignment,
hereinafter), the dichroic dye 12 in this region absorbs
most of.the light passing through the liquid crystal
layer 1, and the transmission display section 10 shows
the dark display. On the other hand, when the ligquid
crystal is aligned perpendicular to>the display surface
(electrode substrate 101) as shown in a transmission
display section 10b, (which is referred to as the
vertical alignment), the dichroic dye 12 absorbs a
smaller amount of the light, and the transmission display
section 10 shows the light aisplay.

By contrast, the reflection display section 9 uses
the 1light incident on the display surface from the

viewer’s side for the display. To be more specific, as
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is indicated by an arrow, the light incident on the
display surface passes through the liquid crystal layer
1 is reflected by the reflection film 8, passes through
the liquid crystal layer 1 again, and exits from the
display surface as the display 1light. Here, when the
liquid crystal is aligned in parallel with the display
surface as.shown-in a reflection display section 9a, the
dichroic dye 12 in this reéioﬁvabsorbs ﬁostAof the light,
and :the reflection display section 9 shows the dark
display. On the other hand, when the liquid crystal.is
aligned perpendicular to the display surface as shown in
a reflection display section 9b, the dichroic dye 12 in
this region absorbs less amount 6f the light, and the
reflectién display section 9 shows the light display.

Thus, the 1light display and dark display can be
shown by controlling the director configuration of the
liquid cfystal by supplying a potential difference
between the electrodes 6 and 7. ~In this case, the
initial director configuration of the liquid crystal is
not especially limited. For example, the liguid crystal
may be aligned in parallel with the display surface or
twisted further when no voltage is applied. Conversely,
the liquid crystal may be aligned perpendicular to the
display surface when no voltage is applied. In the

former case (parallel when no voltage is applied or
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further with a twist), liquid crystal having positive
dielectric constant anisotropy can be used. On the other
hand, in the latter case, (perpendicular when no voltage
is applied), liquid crystal having negative dielectric
constant anisotropy can be used. As has been explained,
the initial director configuration of the liquid crystal
is not especially limited, but it is necessary to adjgst_
the thickness of the insulation fiim 11 in such a manner
as to secure a thickness of-the liquid crystal layer
suitable for the director configuration-of the liquid
crystal to be used.

Here, for ease of production of the liquid crystal
layer 1, liquid crystal layer 1, as in typical 1liquid
crystal aisplays, is preferably provided continuously
across the reflection display section 9 and transmission
display section 10 or a plurality of display pixels, as
shown in Figure 1.

Even when the liquid crystal layer 1 is provided
across the reflection display section 9 and transmission
display section 10, if the thicknesses of the iiquid
crystal layer are different in the reflection display
section 9 and transmission display section 10, a distance
the light travels by passing through the liquid crystal
layer 1 only once in the transmission display section 10

to serve as the display light in the end can be set equal
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to a distance the light travels by passing and returning
through the liquid crystal layer 1 in the reflection
display section 9.

Thus, the reflection brightness' in the reflection
display section 9 and the transmission brightness in the
transmission display section 10 can be set to
substantially the same level, and the contrast ratios in
the reflection display section 9 and transmission display
section 10 can be also set to substantially the same
value. In other words, in the GH method using the light
absorption by the dichroic dye 12, providing different
thicknesses of the liquid crystal layer in the reflection
display section 9 and transmission display section 10 can
offer subétantially the same effect as the effect offered
by changing the concentration of the dye, and therefore,
by so doing, the adequate concentration of the blended
dichroic dye 12 in the reflection display section 9 and
the adequate concentration of the blended dichroic.dye 12
in the transmission display section 10 can be set to
substantially the same value. | Consequently, the

reflection display section 9 and transmission display

j\]

v simultanesously

section 10 can show satisfacteory displ
both in the reflection display section 9 and transmission
display section 10 by means of the liquid crystal layer

1 provided across the reflection display section 9 and
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transmission display section 10. In short, both the
display contrast ratio and brightness in the 1light
display become substantially equal in the reflection
display section 9 and transmission display section 10.

Herein, "brightness" is defined as a ratio of the
incident light on the liquid crystal layer 1 observed by
the viewer‘as the display light in eithe:»the refleetion
display section 9 or transmission displayisection io; and
"contrast ratio" is defined as the.quotient obtained by
dividing the brightness in the 1light display by the
brightness in the dark display.

Generally, ‘the contrast ratio suitable for the
transmission display must be higher than the contfast
ratio suitable for the refec;ion display. Thus, in order
to realize satisfactory display, compared with a case of
setting the equal contraSt ratio in the reflection
display section 9 and transmission display section 10 to
satisfy the above requirement, it is more effective to
set the contrast ratio higher in the transmission display
section 10 than in the reflection display section 9 by
setting the thickness of the liquid crystal layer larger
in the transmission display section 10 than in the
reflection display section 9.

In the following, the liquid crystal display of the

present embodiment will be explained based on the above-
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described display principle and with reference to Figures
1 through 3 by way of an example and comparative examples
for purposes of explanation only, without any intention

as a definition of the limits of the invention.

(Example 1)

Explained in the present. example iS»a liquid crystgl
display employing the.liquid crystal layer 1 adopting the
GH method, in which the 1liquid crystal having the
negative dielectric constant anisotropy aligns
substantially perpendicular to the display surface when
no voltage is applied to the liquid crystal layer 1 and
tilts with respect to the display normal when a voltage
is applied to the liquid crystal layer 1. First, the
following will \explain. a method of manufacturing the
liquid crystal display.

Initially, a 140nm-thick ITO film is sputterea over
the transparent substrate 4, which is etched by
photolithography, whereby the electrode 6 (transparent
electrode) of a predetermined pattern is formed. Here,
a glass substrate is used as the substrate 4.

Next, a vertical aligning alignment film is provided
to the substrate 4 by the offset printing on the surface
where the electrode 6 is formed, and the substrate 4 is

baked at 200°C in an oven, whereby the alignment film 2
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is formed. Subsequently, the alignment treatment is
applied to the alignment film 2 by means of rubbing, and
as a consequence, the electrode substrate 101 which
serves as the substrate on the viewer’s side is produced.

The vertical aligning alignment film originally has
the properties such that align the liquid crystal along
the normal »direction of the film» surface, andi the
alignﬁent treatment like the rubbing changes the
properties to the properties such that tilt the director
configuration of ﬁhe_liquid crystal'by several degrees
with respect to the normal direction. After a voltage 1is
applied to the liquid crystal layer 1, the tilt thus
conferred tilts the director configuration of the liquid
crystal mﬁch further toward the above alignment‘treatment
direction.

In the meantime, insulation photosensitive resin is
applied over ﬁhe substrate 5 by spin coating, and UV rays
are irradiated to the photosensitive resin masked in such
a manner that no photosensitive resin is left in the
transmission display section 10, while a 3um-thick layer
of the photosensitive resin is formed in the reflection
display section 9, whereby a predetermined pattern of the
insulation film 11 is formed. The pattern edge portion
of the insulation film 11 is made in such a manner as to

form gentle steps, so that the electrode 7 which will be
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formed later will not be broken by a difference in steps
of the insulation film 11. As with the substrate 4, a
transparent glass substrate is used as the substrate 5.

Further, a 140nm-thick ITO film is sputtered over
the substrate 5 on the surface where the insulation film
11 is formed, over which a 200nm-thick aluminum.film,
which will serve as a light reflective eledtrode, is
sputtered. Then, the éluminﬁm film thus formed is
patterned by photolithography and dry etching in such a
manner as to leave the aluminum film in the reflection
display section 9 alone (where the photosensitive resin
was left when the photosensitive resin was pattérned to

form the insulation film 11), whereby the réflection film
8 is férmed. Further, the ITO film beneath the
reflection film 8 is etéhed by photolithography to form °
the electrodes 7 (transparent electrode) of a
predetermined pattern.

Subsequently, the aligﬁment film 3 is formed over
the substrate 5 on the surface where the electrodes 7 and
reflection film 8 are formed in the same manner as the
alignment film 2 formed on the electrode substrate 101
serving as the substrate on the viewer’s side. Then, the
alignment treatment is applied to the alignment film 3 by
means of rubbing, whereby the electrode substrate 102 is

produced.
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Then, as a sealing agent, sealing resin (not shown)
is provided around one of the electrode substrates 101
and 102 produced in the above manner, and plastic
spherical spacers having a diameter of 4.5um are
scattered over the other electrode substrate on the
surface where the alignment film is formed. Then, as
shown-in_Figure 1, the electpode substrateg 101 and 102
are placed to opbose each other with their electrode
surfaces inside, and_the sealing resin is cured under
applied pressure, whereby a 1liquid crystal cell for
filling is produced. Filling spaces (thicknesses of the
liquid crystal layer 1) into which the liquid crystal
will be filled in the refection display section 9 and
transmission diéplay section 10 of the 1liquid crystal
cell for filling were measured by means of the reflected
light spectrum, and were 4.5um across and 7.5um across,
respectively.

Further, a concentration of the dichroic dye 12,
blended with the liqﬁid. crystal having the negative
dielectric constant anisotropy to produce the liquiad
crystal composition filled in the liquid crystal cell for
filling is adjusted in such a manner that a satisfactory
contrast ratio can be attained both in the reflection
display section 9 and transmission display section 10.

Further, a chiral dopant for imparting twist to the
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director configuration of the liquid crystal is added to
the liquid crystal composition, so that, with the
alignment treatment applied to the alignment films 2 and
3, the chiral dopant imparts the same twist to the
director configuration df the liquid crystal in the
liquid crystal layer 1 sandwiched by the electrcde
substrates 101 .and 102 above andv beneath in the
reflection dispiéy sectioﬁ 9 and transmission display
section 10 when a voltage 1is _applied for the dark
display. Then, the liquid crystal cell for filling is
filled with thé liquid crystal by means of vacuum
injection, whereby the 1liquid crystal display is
assembled.

A voltage was applied to the liquid crystal layer 1
while measuring the reflectance of the reflection display
section 9 and transmittance of the transmission display
section 10 of the liquid crystal display thus obtained
through a ndcroscope,.and the display characteristics
graphed in Figure 2 were obtained. The voltage applied
to the liquid crystal layer 1 is a rectangular pulse
inverting every 17~ﬁsec} In the drawing, the horizontal
axis represents a root mean sguare value of the applied
voltage, and the vertical axis represents the brightness
(reflectance or transmittance). Also, in the drawing, a

curve 111 represents the voltage dependence of the
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reflectance in the feflection display section 9 and a
curve 112 represents the voltage dependence of the
transmittance in the transmission display section 10.

As the curves 111 and 112 reveal, the brightness
(reflectance or transmittance) in the reflection display
section 9 and transmission display section 10 of the
above liquid crystal display decreasgs withlan increasinga
applied voltage. That is, when the applied voltage is
1.8V, the reflectance of the reflection display section
9 and transmittance of the transmission display section
10 are 55% and 52%, respectively, and when the applied
voltage is increased to 5V, bbth decrease to 11% and 10%,
respectively.

In other words, in the above liquid crystal display,
both the reflection display section 9 and transmission
display section 10 can realize the display with excellent
visibility, attaining high brightness exceeding 50% in

the light display and a contrast ratio of about 5.

kComparafive Example 1)

A comparative example with respect to Example 1 will
be explained in the following. _ In the present
comparative example, a comparative liquid crystal display
adopting the GH method was assembled in the same manner

as Example 1 except that the thicknesses of the liquid
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crystal layer were equal in the reflection display
section 9 and transmission display section 10.

More specifically, in the present comparative
example, the insulation film 11 formed over the substrate
5 in Example 1 was omitted, so that the liquid crystal
display was assembled in such a manner that the thickness
of the 1liquid 'crystal layer was 4.5um -in both Vthe
reflection display section 9 and transmission display
section 10. In other words, a comparative liqﬁid crystal
cell for filling was produced, in which the reflection
display section 9 and transmission display section 10 are
flat on both the electrode substrates opposihg and
sandwiching the liquid crystal layer 1 above and beneath,
and the -liquid crystal composition blended with the
dichroic dye 12 and chiral dopant used in Example 1 were
also filled into the comparative liquid crystal cell for
filling, whereby the comparative liquid crystal display
was assembled.

The reflectance of the reflection display section 9
and transmittance of the transmission display section 10
of the above comparative liquid crystal display were

measured 1in the sama2 manrer 25 Ixamnle 1, zand ths

resulting display characteristics are graphed in Figure

3.
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(Comparative Example 2)

In the present comparative example, a comparative
ligquid crystal display was assembled in such a manner
that liquid crystal composition having higher
concentration of the dichroic dye 12 than the one in
Comparative Example 1 was filled into a comparative
liguid crystal cell for filling of the same type as the
one used in éomparative Example 1, so that the brightness -
and contrast ratio become optimal for the transmission
display section 10.

The reflectance of the reflection display section 9
and transmittance of the transmission display section 10
of the above comparative liquid crystal -display were
measured in the same manner as Example 1, and the
resulting display characteristics are also graphed in
Figure 3.

In Figure 3, the horizontal axis represents a root
mean sqgquare valﬁe of the applied voltage, and the
vertical axis represents the brightness (reflectance or
transmittance) . Also, in the drawing, a curve 121
represents the voltage dependence of the reflectance in
the reflection displavy section 9 and a curve 122
represents the voltage.dependence of the transmittance in
the transmission display section 10 in Comparative

Example 1, whereas a curve 123 represents the voltage

BN
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dependence of the reflectance in the reflection display
section 9 and a curve 124 represents the .voltage
dependence of the transmittance in the transmission
display section 10 in Comparative Example 2.

As the curves 121 and 122 reveal, the brightness
(reflectance and transmission) in the reflection display
section 9 and transmission display section 10 of the
comparative liquid crystai display of Comparative Example
1 decreases with an increasing applied voltage. That is,
when the applied voltage is 1.8V, the reflectance in the
reflection display section 9 and transmittance in the
transmission display section 10 are ©55% and 66%,
respectively. When the applied voltage is increased to
5V, both decrease to 11% and 22%, respectively.

In other words, in the comparative liquid crystal
display of Cémparative Example 1, high brightness
exceeding 50% and a satisfactory contrast ratio of about
5 were attained in the reflection display section 9,
whereas in the transmission display section 10, high
brightness was attained but a contrast ratio was as low
as 3, thereby deteriorating the display quality. This
happens because the thickness of the liquid crystal layer
1 is equal in the reflection display section 9 and

transmission display section 10.

Also, as the curves 123 and 124 reveal, the
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brightness (reflectance and transmission) of the
reflection display section 9 and transmission display
section 10 of the comparative liquid crystal display of
Comparative Example 2 decreases with an increasing
applied voltage. That is, whén the applied voltage is
1.8V, the reflectance of the reflection display séction
9 and the transmit;ance of the transmission display
section 10. are 29% and 51%, fespectivelyn When the
applied voltage is increased';o 5V, both decrease to 3%
and 10%, respectively.

In other words, ip the comparative liquid crystal
display of Comparative Example 2, high brightness
exceeding 50% and a satisfactory contrast ratio of about
5 were attained in the transmission display section 10,
whereas in the reflection display section 9, a contrast
ratio as high as 10 was attained but the brightness was
below 30%, and the display shown thereon was dark. This
héppens because the thickness of the liquid crystal layer
1 is equal in the reflection display section 9 and
transmission display section 10.

The above comparison of Example 1 with Comparative
Examples 1 and 2 reveals that, with the liguid crystal
display adopting the GH method, it is effective to set
the thickness of the liquid crystal layer 1 larger in the

transmission display section 10 than in the reflection
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display section 9 to make the contrast ratio of the
transmission display section 10 as high as or higher than

the contrast ratio of the reflection display section 9.

Embodiment 2

The liquid crystal display of Embodiment 1 adopts
the GH method, but liquid crystal displaying he;hods
ethe¥ than the GH method are also applicable. For
example, another applicable method is shown in Figure 4,
in which the substrates 4 and 5 are sandwiched by
polarization plates 14 and 15, so that the retardation or
optical rotatory polarization (which ere collectively
referred to as polarization converting function) of the
liquid cfystal layer 1 is used for the display.

In the present embodiment, a liquid crystal display
using the polarization converting function will be
explained witﬁ refereﬁce to Figure 4 mainly.
Hereinafter, like components are 1labeled with 1like
reference numerals with respect to Embodiment 1, and, for
ease of explanation, the description of these components
is not repeated here.

Figure 4 is & cross section showlng a major portion
of the liquid crystal display of the present embodiment.
The liquid crystal display of Figure 4 includes a liquid

crystal cell 200 (liquid crystal element), and
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optionally, the back light 13 (lighting device), which
are sequentially provided in this order from the viewer’s
(user’s) side.

As shown inAFigure 4, the liquid crystal cell 200
includes the ligquid crystal layer 1 sandwiched by an
electrode substrate 201 (first substrate) and ahother
electrode substrate 202 (second .substrate). The_
electrode substfate 201 has the alignment film 2 on a
surface touching the liquid crystal layer 1 (an interface
between the first substrate and the liquid crystal layer
1), and the electrode substrate 202 has the alignmentl
film 3 on a surface touching the liquid crystal layer 1
(an interface between the second substrate and the liquid
crystal iayer 1) . Further, the liquid crystal cell 200
includes a phase difference compensation plate 16 and the
polarizatioh plate 14 at the outside of the electrode
substrate 201 (the opposite side from the side facing the
electrode substrate 202), and a phase difference
compensation plate 17 and the polarization plate 15 at
the outside of the electrode substrate 202" (the other
side across the side opposing the electrode substrate

[aah!
ES

201} . he phnase difference compensation plates 16 and 17
are used only when necessary.
Phase difference compensation plates of various

kinds, such as a stretched polymer film, a polymer film



-63-
of fixed orientation of its liquid crystalline phase, and
a liquid crystal polymer film, can be used as the phase
difference compensation plates 16 and 17 used optionally
in the present embodiment. The optical functions of the
phase difference compensation plates 16 and 17 are used
to (1) prevent the coloring often caused when the phase
-difference compensation plates 16 and 17 are omitted, (2)
change the dependence of the bfightneés on the potential
difference between the electrodes 6 and 7, (3) change the
viewing angle characteristics, etc.

Also, the electrode substrate 201 is composed of the
substrate 4 made of, for example, a light-transmitting
glass substrate on which is formed the electrode 6 for
applyingva voltage to the liquid crystal layer 1, and the
electrode 6 is covered with the alignment film 2 to which
the rubbing treatment has been applied.

On the other hand, the other electrode Ssubstrate 202
provided to oppose the electrode substrate 201 thréugh
the liquid crystal layer j. is composed of the light-
transmitting substrate 5 on which are formed the
electrodes 7 for applying a voltage to the liquid crystal
layer 1 as counter electrodes opposing the electrode 6
through the insuiation film 11. Note that, however, the
liquid crystal display of Figure 4 is arranged in such a

manner that the electrodes 7 in the reflection display
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section 9 and the electrodes 7 in the transmission
display section 10 are electrically isolated, so that a
voltage is applied to each separately from outside the
liquid crystal cell. The reflection film 8 is formed on
the electrode substrate 202 at a region corresponding to
the reflection display section 9, and the liquid crystal
alignment film 3 to which the rubbing t:eatment has been
applied is -fofmed to coﬁer the .electrodes 7 and
reflection f£ilm 8. The insulation film 11 is formed
thinner in a region corresponding to the transmission
display section 10 than in a region corresponding to the
reflection display section 9.

| As shown in Figure 4, the electrode substrates 201
and 202 afe bonded to each other by a sealing agent or
the like while opposing each other with their respective
alignment films 2 and 3 inside, and the liquid crystal
composition is filled in a space therebetween, whereby
the liquid crystal layer 1 is formed.

In the 1light display shown on the above 1liquid
crystal display, the liquid crystal layer 1 made of the
above-described liquid crystal composition is provided
continuously across the reflection displav section 9 and
transmission display section 10. In Figure 4, the liquid
crystal in the 1liquid crystal layer 1 effects the

polarization converting function to the 1light passing
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through the 1liquid crystal layer 1 when aligned in
parallel with the display surface as shown in the
reflection display section 9b and transmission display
section 10b, and as a consequence, for example, the dark
display is shown.( On the other hand, the liquid crystal
in the 1liquid crystal layer 1 hardly effects the
polarization converting - function _ when N aligned
perpendicularly to ﬁhe display-surface as shown in the
reflection display section 9a and transmission‘display
section 10a, and as a consequence, for example, the light
display is shown.

Thus, the light display and dark display can be
shown by wusing the change in the alignment in the
reflectién. display sections 9a and 9b and the
transmission display sections 10a énd 10b as the change
in luminance of the display 1light by the linearly
polarized light selective transmission function effected
‘by'the polarization plate 14 on the display surface side
and the polarization plate 15 on the back light 13 side
sandwiching the liquid crystal layer 1. 1In this case, as
previously mentioned, the phase difference compensation
plates 16 and 17 as shown in Figure 4 may be used to
compensate the wavelength dependence of a difference of
the refractive index of the liquid crystal layer 1, to

change the voltage dependence of the brightness modulated
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by the liquid crystal layer 1, or to change the viewing
angle characteristics, as the case may be.

When using the optical anisotropy for the display in
the above manner, the initial director configuration of
the liquid crystal is not especially limited, and for
example, the liquid crystal layer 1 can be aligned either
in parallel with or perpendicular to the display surface
when no voltage is applied. in the former caée.(éligned
parallel when no voltage is applied), liquid crystal
having the positive dielectric constant anisotropy is
used, while in the latter case (aligned perpendicular
when no voltage is applied), liquid crystal having the
negative dieléc;ric constant anisotropy is used.

As 'has ‘been explained, the initial director
configuration of the liquid crystal is not especially
limited when the optical anisotropy is used for the
dispiay, but it is effective to adjust a thickness of the
“insulation film 11 in such a manner as to secure a
suitable thickness of the liquid crystal layer for the
director configuration of the liquid crystal to be used.

In order to realize the dark display in the
reflection display secticn &, light is first converted to
linearly polarized light by the polarization plate 14.
Then, the polarization state is changed by the phase

difference compensation plate 16 when necessary, and the
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polarization state is further changed by the 1liquid
crystal layer 1 in the reflection display section 9 which
is thinner than the transmission display section 10.
Here, the necessary condition for the idea dark display
is to covert the pblarization state on the reflection
film 8 to circularly polarized light whether right or
left in the end. ‘Also the necessary' condltlon to
reallze the idea 11ght dlsplay in the reflection dlsplay
section 9 is to convert the polarization state on the
reflection film 8 to the linearly polarized light. If
the director configuration of the liquid crystal can be
controlled electrically between the dark display and
light display, the display states can be switched.

In other words, there must be substantially a
difference of 1/4 wavelength (approximately 90°) between
the phase difference (phase difference of the display
light on the reflection film 8) imparted to the
travelling light by the liquid crystal layer 1 before it
reaches the reflection film 8 when realizing the dark
~display, and a phase difference (phase difference of the
display light on the reflection film 8) imparted to the
travelling light by the liguid cryétal layer 1 before it
reaches the reflection film 8 when realizing the 1light
display, and ﬁhe director configuration of the liquid

crystal realizing the above condition has to be
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controlled electrically, that is, the director
configuration of the liquid crystal has to be controlled
between the ones, one gives the circularly polarized
light in the dark display, and the other gives the
linearly polarized light in the light display, on the
reflection film 8 Here, the linearly polarized light on
the. reflectlon film 8 to realize the llght dlsplay can
take any direction of polarization.

In the transmission display section 10, incident
light is converted to the linearly polarizea light by the
polarization plate 15, and its polarization state is
changed by the phase difference corﬁpensation plate 17
when necessary, and the polarization state is converted
further by the liquid crystél layer 1 formed thicker than
in the reflection display  section 9. Finally, the
polarization state is changed by the phase difference
compensation plate 16 when necessary, and the. light exits
through the polarization plate 14, whereby the display is
shown.

In the reflection display section 9, it is the
change of the polarization state of the light immediately
before it enters the polarization plate 14 that is used
for the display. Thus, to show the 1light display, the
polarization state of the light immediately before it

enters the polarization plate 14 is adjusted to be
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linearly polarized light having an oscillating direction
along the transmission axis orientation of the
polarization plate 14. "'On the other hand, to show the
dark display, the polarization state of the 1light
immediately before it enters the polarization plate 14 is
adjusted to be linearly polarized 1light having an
oscillation plane along the absorption axis orientation
of the polarizatién plate 14.

In other words, the display can be switched if a
change of the director configuration of the 1liquid
crystal 1 can be controlled electrically with the voltage
application over a range such that can make aAdifference
of substantially 1/2 wavelength (approximately 180°)
between the phase difference (phase difference of the
display light going out through the liquid crystal layer
1) imparted to the 1light passing through the 1liquid
crystal layer 1 in the transmission display section 10
for the light display, and the phase difference (phase
difference of the display light going out through the
liquid crystal layer 1) imparted to the light passing
through the liquid crystal layer 1 in the transmission
display section 10 for the dark disvlay.

The phase control of 1/2 wavelength means to control
the polarizing orientation of the 1linearly polarized

light immediately before it enters the polarization plate
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14 from 1liquid crystal layer 1, and polarization
conversion function which includes not only the control
of the phase difference cauéed by the retardation whose
major axis of the refractive index is aligned uniformly
parallel, but also the polarization rotation phenomenon,
in which the major axis of the refractive index of the
liquid crystal layer 1 is twisted along the twist of the
directér configuration of the 1liquid cryétal, and the
polarizing orientation of the linearly polarized light
changes in response to the twist of the director, which
varies with the voltage. Actual polarization converting
function to realize the above control is the one
controlling over two orthogonal polarization states of
general -kind, when the application of the phase
difference compensation plates 16 and 17 is concerned.

Examples of director configurations of the liquid
crystal which realize the polarizatipn converting
function realizing the control of the polarization'state
v(phase control of light) described abéve are: director
configuration uniformly parallel to the substrates 4 and
'5 (parallel to the display surface) (homogenous
alignment); dirsctoxr configuration parallel to the
substrates 4 and 5 (parallel to the display surface) and
twisted between the substrates 4 and 5 (an interval

between the substrates sandwiching the 1liquid crystal
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layer 1 above and beneath) (twist alignment); and
director configuration perpendicular to the substrates 4
and 5 (perpendicular to the display surface) (homeotropic
alignment). Further, the hybrid director configuration
having planer alignment on one of the interfaces of the
liquid crystal layer 1 and vertical alignment on the
other interface and the like can be used as well.

In caée of the twist alignménﬁ, it is préferéble
that the liquid crystal is twisted by an angle in a range
between 60° and 100° inclusive, or 0° and 40° inclusive
between the substrates 4 and 5.

This is because the conditions suitable for both the
reflection display section 9 and transmission display
section 10 can be satisfied without changing the
directions of rubbing treatment in the two sections.

To mass-produce the 1liquid crystal displaYs, the
most preferable optical design of the liquid crystal is
such that monotonously increases or decreases the display
brightness (reflectance or transmittance) in response to
a driving voltage applied to the liquid crystal layer 1

between its upper and lower limits.

the one such that can attain electro-optical

characteristics which allow the display control, under
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which the display brightness monotonously increases or
decreases when the liquid crystal aligned substantially
perpendicular to the display surface is re-aligned to be
substantially parallel to the display surface and vice
versa.

In particular, when the parallel aligning alignment
film is used to align the liquid crystal in parallel with
the displéy éurface.hhen no véltage is applied, tﬁere are
specific conditions suitable for the reflection display;
on the other hand, there are specific conditions suitable
for the transmission display as well. Thus, these
conditions were computed by the Jones hatrix method to
find optimal twist angles.

The result of the above computation was that, to
obtain satisfactory reflection display, the twist angle
must be set to a range between 0° and 100° inclusive.

ToAbe more specific, the inventors of the present
invention discovered that, if satisfactory reflection
display is to be shown by means of the liquid crystal
layer 1, the liquid crystal layer 1 must have an optical

property to convert the circularly polarized light to the

P —"
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linearly polarizad light effisiantly when the 14

~
4 3

crystal is aligned to effect the polarization converting
function (when the parallel aligning alignment film is

used, the liquid crystal is aligned substantially in the
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same manner when no voltage is applied). To evaluate the
above function, the reflectance when the circularly
polarized light enters the liquid crystal layer 1 was
computed by the above-specified computation method. The
reflectance computed herein is the reflectance of the
light that enters the liquid crystal cell 200 in order of
the polarization pléte 14, phase difference compensation
plate 16-for impérﬁing a phase éifference of 90° to ﬁhe
light, liquid crystal layer 1, and reflection film 8, and
then exits from the liquid crystal cell 200 in reversed
order.

Then, it turned out that when the twist angle is in
a range between 0° and 70° inclusive, the circularly
polarized light can be converted ‘to the linearly
polarized.light-perfectly'by'adjusting the product (An-d)
of a difference of refractive index (An) of the liquid
crystal in the liquid crystal layer 1 and a thickness (4d)
thereof for each twist angle of the liquid crystal layer
1. Also, the inventors of the present invention
discovered that when the twist angle is in a range
between 70° exclusive and 100° inclusive, although the
circularly polarized light can rot ke converted to the
linearly polarized light perfectly, the resulting display
is satisfactorily. Thus, satisfactory reflectance can be

obtained with 1light having a particular wavelength by
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adjusting An-d of the liquid crystal layer 1 for each
twist angle: the reflectance is 97% at the twist angle of
80°, 83% at 90°, and 72% at 100°, when the maximum
reflectance of the light having a visible wavelength at
the twist angle up to 70° is scaled as 100%. However, if
the twist angle exceeds 100°, the circularly polarized
light can not be converted to thgvlinearly polarized
light because thé reflectancé is reduced to 54% and 37%
at the twist angles of 110° and 120°, respectively. 1In
short, it 1is necessary to set the twist angle of the
liquid crystal layer 1 to a range between 0° and 100°
inclusive in the reflection display section 9.

In the above explanation, the circularly polarized
light was used for the computation to evaluate the
polarization convérting function of the liquid crystal
layer 1 in the reflection display section 9. However, in
the actual display, the incident light on the 1liquid
crystal layer 1 in the reflection display section 9 is
not necessarily the circulariy polarized 1light, and
satisfactory display can also be obtained in the
reflection display section 9 if the linearly polarized
light enters the above-designed liquid crystal layer 1
instead.

On the other hand, to obtain the satisfactory’

display in the transmission display section 10, the
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liquid crystal must be aligned either at a small twist
angle (in a range between 0° and 40° inclusive) or a
large twist angle (in a range between 60° and 110°
inclusive)

The polarization converting function necessary to
obtain satisfactory display in the transmission display
section 10 must satisfy two types of conditiOns:'one is
a basic-optical function (first conditions), and the
other is a practical optical function (second conditions)
which is determined by a relation between the basic
optical function (first conditions) and the reflection
display section 9.

The reason why is as _follows. For example, to
satisfy the first conditions when the liquid érystal is
aligned to effect the polarization converting function
(when the parallel aligning alignment film is used, the
liquid crystal is aligned substantially in the same
manner when no voltage is applied), the liquid crystal
layer 1. in the transmission display section 10 must
efficiently convert particular polarized light to another
polarized 1light that is orthogonal to that particular
prolarized ligcht. To he mare srecific, in case that the
particular polarized 1light is the linearly polarized
light, it is con&erted to another linearly polarized

light with which their respective planes containing light
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oscillating electric fields intersect at right angles; in
case that the particular polarized light is the '
circularly polarized light, it is converted to another
circularly polarized 1light having an inverse rotation
direction; and in case that the particular polarized
light is elliptically"polarized light in a specific
state, it is converted to another elliptically polarized
light ha&ing an inverse rotation directionnand the same
ellipticity while their major axis orientations
intersecting at right angles.

Thus, the inventors of the present invention
calculated the polarization converting function by the
above-specified method (Jones matrix method) to evaluate
the above function as the indispensable properties of the
transmission display section 10, and discovered that the
twist angle is not especially limited.

The second conditions become necessary due to a
common optiqal film (polarization plate 14 and phase
difference compensation plate 16) used in both' the
reflectioﬁ display section 9 and transmission display

section 10 on the display front surface. The optical

[

film on the front surface used bhoth in the reflsction

(1

display section 9 and transmission display section 10 is
designed to show satisfactory reflection display.

Another optical film set on a back surface of the display
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can be set to the opposite surface of the liquid crystal
display from the display surface, and it is preferable to
provide the same at a direction such that realizes
satisfactory display in the reflection display section 10
together with the polarization blate 14 and phase
difference compensation plate 16 (serving as the optical
film on the display front surface) and the liquid
crystal layer 1 in the transm1551on display sectlon 10
region. To do so, it is important that the polarization
converting function of the ;iquid crystal layer 1 in the
‘transmission display section 10 not only satisfies the
first conditions, but also converts the circularly
polarized light to another circularly polarized light
with a reversed rotation direction, or the incident
linearly polarized light to another polarized 1light
intersecting at right angles with the incident linearly
polarized light in a satisfactory manner.

The luminance of the light, which will be converted
from circularly polariﬁed light to a reversed rotation
direction when it passes through the liquid crystal layer

1 in the form of circularly polarized light, was found by

the above computaticn method ¢ evaluat if4

pe
A
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spec
conditions satisfying the second conditions for the
liquid crystal layer 1 in the transmission display

section 10. The transmittance computed herein is the
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transmittance of the 1light that sequentially passes
through the polarization plate 15 (serving as a first
polarization plate), phase difference compensation plate
17 (serving as a first phase difference compensation
plate for imparting the phase difference of 90° to the
light), liquid crystal layer 1, phase difference
compensation plate 16 (serving as a second phase
difference éompensation blate ha§ing the slow axis
intersecting at right angles with a slow axis of the
first phase difference compensation plate for imparting
the phase difference of 90° to the light), and
polarization plate 14 (serving as a second polarization
plate that intersects at right angles with the first
polarizaeion plate) .

Then, the inventors of the present invention
discovered that circularly polarized 1light can be
converted to another circularly polarized light with a
reversed rotation direction in a satisfactory manner when
the twist angle ie in a range between 0° and 40°
inclusive by adjusting an-d of the liquid crystal layer
1 for each twist angle. More specifically, the
transmittance decreases with an increasing twist angle
when the polarization converting function that converts
circularly polarized light to another circularly

polarized light with an inverse rotation direction is
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evaluated in the form of transmiﬁtance: the transmittance
at the twist angle of 30° is 88.6%, and is 80.8%, 72.0%,
and 62.4% at the twist angles of 40°, 50°, and 60¢°,
respectively, when the transmittance of the light having
a visible wavelength at the twist angle of 0° is scaled
as 100%. Cdnsequently, the inventors of the present
invention_achieved'the conclusion that it is.appropriate
tb set the uppér Alimit of the twiét angle at
approximately 40°.

On the éther hand, in setting twist angle in the
transmission display section 10 which is able to
efficiently convert linearly polarized light to another
linearly polarized light that intersects at the right
angles with the incident polarized 1light, satisfactory
transmittance can be obtained efficiently at an arbitrary
twist angle of 0° or above if the wavelength of the light
is limited to one specific wavelength. However, to
‘obtain high transmittance with visible light in a broad
range of wavelength, the twist angle must be set to an
optimal wvalue. More specifically, a band-width of a
wavelength range, in which the transmittance of.90% or
above can be attained, is found by omitting the upper and
lower limits of the wavelength when An-d of the liquid
crystal layer 1 is adjusted by changing the twist angel

in such a manner that the transmittance achieves the
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maximum of 100% at a wavelength of 550nm, which is the
wavelength at the center of the visible wavelength range.
The transmittance computed herein is the transmittance of
the light that passes through the polarization plate 15
as the first polarization plate, liquid crystal layer 1,
and polarization plate 14 as the second pelarization
plate that intersects at right angles with the first
Apolariéatioh plaﬁe,Aduring which the liquid crystal at
the center of the liquid crystal layer 1 in its layer
thickness is aligned to form an angle of 45° with respect
to the transmiésion axes of the polarization plates 14
and 15.

Then it turned out that the band-width (range of
wavelengﬁh) is 230nm at the twist angle of 0°, 235nm at
10°, 240nm at 20°, 245nm at 30°, 250nm at 40°, 255nm at
50°, 265nm at 60°, 280nm at 70°, 310nm at 80¢°, 330ﬁm at
90°, 305nm at 100°, 255nm at 110°, and 210nm at 120°.

In view of the foregoing, it is understood that Qhen
the twist angle is in a rénge between 60° and 110°
inclusive, high transmittance can be attained in a broad
range of wavelength (wavelength width), and the
polarization converting function is effected in =
satisfactory manner, thereby realizing satisfactory
display. Thus, the twist angle of the liquid crystal in

the transmission display section 10 which satisfies the
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second conditions is limited to a range between 0° and
40° inclusive or a range between 60° and 110° inclusive,
due to the polarization converting function effected on
circularly polarized light or linearly polarized light.

As has Dbeen discussed, it turned out that
satisfactory display can be obtained when the twist angle
of liquid crystal layer'l is in a range between 0° and
100° inclusivé in ﬁhe.refiéction dispiay’secﬁion §, and
in a range between 0° and 40° inélusive or in a range
between 60° and 110° inclusive in the transmission
display section 10.

Of all the examples explained below, when the twist
anglé of the liquid crystal layer 1 is equal in the
reflectidn display section 9 and transmission display
section 10 (Examples 2 through 9 and 11), Example 11 isg
a typical case usihg the circularly polarized light at
the twist angle of 0° (the liquid crystal is aligned
perpendicular to the display surface){ Example 3 is a
pypical case using the linearly polarized light at the
twist angle of 0° (the liquid crystal display is arranged
to show satisfactory 1light display by using the phase
difference compensation rlate); and Example 5 is =a
typical case using the‘linearly polarized light at the
twist angle of approximately 70° (the liquid crystal

display is arranged to show satisfactory light display by
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using the phase difference compensation plate) .

Thus, the twist angle of the liquid crystal layer 1
to realize satisfactory display on both the reflection
display 9 and transmission display 10 is in a range
between 0° and 40° inclusive or in a range between 60°
and 100° inclusive.

In the above explanation,_ the twist angle is
indicétedbby positive‘dégrees.  However; it should be
appreciated that the same explanation can be applied if
the twist angle is indicated by negative degrees of the
same absolute value (the twist direction is reversed in
this case).

In any case, when a small twist angle is set, a
change of the polarization state is expressed as a
function of the prodﬁct (An-d) of a difference of
refractive index (An) and a thickness (d) of the liquid
crystal layer, and moreover, the incident light passes
through the liquid crystal layer 1 and returns through
the same in the reflection display section 9 while the
incident light passes through the liquid crystal layer 1
only once in the transmission display section 10.
Therefore, it is preferable to make the liquid crystal
layer thicker in the transmission display section 10 than
in the reflection display section.

It should be appreciated that normal optical
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rotatory polarization used in the TN liquid crystal
display can‘ be used’ for the 1light display and dark
display exploiting the aforementioned polarization
converting function, because, in case that the TN iiquid
crystal display has a thin liquid crystal layer 1, the
optical rotatory polarization and a change in the
polariza;ion state caused by the retardation can not be
distinguished and ellipticélly polarized -light is
generally used for the display. The polarization
converting function of the present invention includes the
modulation of the luminance of the transmitted light
using the above optical rotatory polarization.

Further, as has-been described above, in the above
polarizaﬁion converting function, the change of the
director configuration of the liquid crystal which can
change the polarization state includes: the control of
the director coﬁfiguration of the liquid crystal to be
parallel or perpendicular to the substrates 4 .and 5; as
in the surface stabilized ferroelectric‘liquid crystal or
anti-ferroelectric 1liquid crystal, the change of the
director direction alone while keeping the director
direction substantially in parallel with the substrates
4 and 5; and, using nematic liquid crystal, the change of
the director direction of the liquid crystal, while

keeping the director direction in a plane parallel to the
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displ#y surface, by changing the electrode structure.

In the above liquid crystal display, the position
(lamination orientation) of the polarization plates 14
gnd 15 can be set in any suitable manner. For example,
if the polarization plate 14 is set to a position
corresponding to the position of the reflection display
section 9, then the polarization plate 15 is set to a
position corresponding to the poiarizétion Aplate 14,
because the polarization plate 14 naturally affects the
display light passing through the transmission display
section 10 as well.

As has been explained, in case of using the non-
twisted director configuration of the liquid crystal,
when the reflection display section 9 shows, for example,
the dark displéy, so does the transmission display
section 10. However, for éxample, when only the
polarization plate 15 is turned 90° while leaving the
orientation of the polarization plate 14 intact, the
display is inverted bethen in the reflection display
section 9 and in the transmission display section 10,
thereby méking it impossible to obtain satisfactory
display. Thus, to prevent such unwanted inversion of the
display, the polarization plate 15 is returned to the
initial position, or the electrodes are provided to the

reflection display section 9 and transmission display
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section 10 individually to invert the electrical driving
itself either in the reflection display section 9 or
transmission display section 10 alone, so that both the
display sections shows either the light or dark display
simultaneously. |

Next, the display principle in the reflection
display section 9 and transmission display section 10 of
the liquid crystal display of Figure 4 will be explained
in further detail.

To begin with, the display principle in the
reflection display section 9 will be explained.. Assume,
for ease of explanation, that the phase difference
compensation plates 16 and 17 are omitted and the
directorr configuration of the liquid c¢rystal in the
liquid crystal layer 1 is not twisted in the reflection
display section 9b nor transmission display section 10b.
Also, assume that ﬁhe thicknesses of the liquid crystal
layer 1 in the reflection display section 9 and
transmission display section 10 are adjusted in such a
manner that the reflection display section 9b and
transmission display section 10b respeétively cause phase

differences of 1/4 wavelength and 1/2 «

10}

relen

(]

th when ths
light having a wavelength of 550nm passes through the
liquid crystal layer 1 only once. Also, the 1liquid

crystal composition has positive dielectric constant
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anisotropy and the liquid crystal is aligned
substantially in parallel with the substrates 4 and 5
when no voltage is applied, and the alignment orientation
and the absorption axis orientation of the polarization
plate 14 form 45° within display plane.

In this case, the director configuration of the
1iquid crystal in the reflection display_section 9 and
transmission display sectién 10 Qheﬁ no voltage is
applied is the director configuration of the liquid
crystal shown in the reflection display section 9b and
transmission display section 10b, and upon application of
a voltage, the director configuration of the liquid
crystal in the reflection display section 9 and
transmiséion display section 10 is changed to the one
shown in the reflection display section 9a and
transmission display section 10a.

In the reflection display section 9b, the product
(&n-d) of a difference of refractive index (an) of the
liquid crystal composition ana a thickness (d) of the
liquid crystal layer satisfies the 1/4 wavelength
condition. Thus, the ambient 1light is converted to
linearly polarized light by the polarization plate 14
wﬁen it enters the liquid crystal layer 1, and converted
further to circularly polarized light by the retardation

of the liquid crystal layer 1 before it reaches the
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reflection film 8. The incident 1light inverts its
direction of propagation on the reflection film 8, while
the circularly polarized light inverts its direction of
propagation alone while keeping the rotational direction
of the oscillating electric field. Hence, the circularly
polarized 1light is converted to circularly polarized
light orthogonal to the polarized light at the time of
incidenée; in othér wérds, circulérly polarized light is
inverted from right to left. Then, the resulting
circﬁlarly polarized 1light is converted to linearly
polarized 1light parallel to the absorption axis
orientation of the polarization plate 14 after it has
passed through the 1liquid crystal 1layer 1 in the
reflectioh display sectioﬁ 9b again, and absorbed by the
polarization plate 14, thereby showing the dark display.

Here, in the traﬁsmission display section 10b, the
product (An-d) of a difference of refractive index (an)
of the liquid crystal composition and a thickness (d) of
the liquid crystal layer satisfieé the 1/2 wavelength
condition. Thus, the 1liquid crystal layer 1 has a

function of converting the orientation of the oscillation

Ty -
S

plane of the linearly

olarized incidant 14

e

@Q

symmetrically with respect to a line along the alignment
direction of the liquid crystal. Thus, the orientation

of the absorption axis of the pelarization plate 15 on
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the 1light incident sidé in the transmission display
section 10b is determined to become parallel to the
transmission axis orientation of the polarization plates
14 and 15, so that the 1light passing through ' the
polarization plate 14 1is absorbed therein by the
aforementioned function of the liquid crystal-layer 1,
thexreby showing the dark display.

As mentioned above, it has been discovéred that,
when the polarization plates 14 and 15 are provided in
such a manner thét their transmission axis orientations
are parallel to each other, and the alignment direction
of the 1liguid cryétal and the transmission axis
orieﬁtation forms angle of 45° in the above manner, both
the reflection display section 9b and transmission
display section 10b show the dark display.

Next, the following will explain a function when the
director configuration of the liquid crystal is changed
to be substantially perpendicular to the display surface
as shown 1in the reflection display section 9a and
transmission display section 10a by supplying a potential
difference between the electrodes 6 and 7 from the state
where no voltage is applied (initial director
configuration of the liquid crystal)-as shown in the

reflection display section 9b and transmission display

section 10b.
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In this case, in the reflection display section 9a,
the ambient light is converted to 1linearly polarized
light by the polarization plate 14, and siﬂce:the liquid
crystal layer 1 does not have the retardation for the
linearly polarized light, the incident>light reaches the
reflection film 8 while maintaining its polarization
state. After the direction of propagation is inverted,
the 1light pésses through the liquid 'crystal' layer' 1
again, and exits through the polarization plate 14 while
maintéining its direction of polarization which intersect
at right angles with the absorption axis orientation of
the polarization plate 14.

Also, like in the reflection display section 9a, in
the transmission display section 10a, the incident light
is convefted to linearly polarized 1light by the
polarization 'plate 15, and passes through the
polarization plate‘ 14 while keeping its polarization
state substantially the same.

When using the above polarization converting
function exploiting the optical anisotropy for the
display, an amount of the polarization converting
function is determined, for example, when the 1liquid
crystal is aligned in parallel with the display surface
and no voltage is applied to the liquid crystal layer 1,

by an angle of twist of the director configuration of the



-9Q-

liquid crystal layer 1, and the product (An-d) of a
thickness (d) of the 1liquid crystal layer and a
difference of refractive index (An) of the liquid crystal
composition. Thus, providing a thicker liquid crystal
layer in the transmission display section 10 than in the
reflection display section 9, as in the present
inventioh, is effective for a liquid. c:ystal display
dsiﬁé both the trénémittéd lighﬁ and reflected light for
the display to obtain satisfactory brightness and
contrast ratio for the display in both the reflection
display section 9 and transmission display section 10.
The angle of twist may be different in the reflection
display section 9 and transmission display section 10.

Wheﬁ the liquid crystal display includes the phase
differénce compénsation plates 16 and 17, satisfactory
brightness and contrast ratio can be attained in a
reliable manner with respect to light having more than
one wavelength in the rangé of wvisible 1light, thereby
making it possible to realize even more satisfactory
display.

Also, if the liquid crystal composition and director

configuration of the liquid cxystal layar 1 ars identical
Lo one in the above explanation, a change in the display
can be inverted by the function of the phase difference

compensation plates 16 and 17. More specifically, when
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1/4 wavelength plates are used as the phase difference
compensation plates 16 and 17, in the reflection display
section 9b, the ambient light is converted to circularly
polarized light by the phase difference compensation
plate 16 upon incidence on the liquid crystal layer 1,
and converted further to linearly polarized light by the
polarization converting function exploiting the optical
anisbtfopy ofv the 1iquid cfystal layéf .1 before it
reaches the reflection film 8. Then, after its direction
of propagation is inverted at the reflection film 8, the
linearly polarized 1light becomes the transmission
components of the polarization plate 14 and exits through
the same, thereby showing the light display. On the
other hand, when the director configuration of the liquid
crystal is changed as shown in the reflection display
section 9a, the ambient light reaches the reflection film
8 as the circularly polarized light, thereby showing the
dark display.
The foregoing explained a case where 'thé dark
display changes to the light display with an increasing

potential difference between the electrodes 6 and 7 was

1

explained. However, it should bes avppreciated such a

s

change in display is not limited to the above disclosure.
For example,-as.has been explained, the display can be

inverted by using a liquid crystal composition having



-92_
negative dielectric constant anisotropy in the liquid
crystal layer 1, or giving the liquid crystal vertical
alignment in the initial stage.

Here, setting the initial director configuration of
the liquid crystal perpendicular to the display surface
can offer technical characteristics such that the
rpolarization'conve;ting function of the initial director
configﬁrétion is not greétly affected by a manufacﬁuring
accuracy of the thickness of the liquid crystal layer.
Thus, taking advantage of the above characteristics it is
highly productive to assign the initial director
configuration to black display, thereby stabilizing black
display, which affects display quality considerably. 1In
particulér, to do so, black must be.shown at a state
where the polarization converting ’functioﬁ of the
perpendicularly aligned liquid crystal layer 1 is almost
completely lost, and the phase difference compensation
plate 16 must have satisfactory circularly polarizing
function. In short, it is important that the phase
difference compensation plate 16 is arranged in such a
manner as to convert the incident light to circularly
polarized 1light in a wavelenath xrance 22 bhrand ac

possible.
When the phase difference compensation plates 16 and

17 are provided to have their respective slow axis
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orientations- intersecting at right angles and the
polarization plates 14 and 15 are provided to have their
respective absorption axis orientations intersecting at
right angles, the transmission display section 10 shows
the iight display with the director configuration of the
liquid crystal shown in the transmission display section
10b and the dark display with the director conflguratlon _
of the llquld crystal shown in the transmission display
section 10a.

In the 1liquid crystal display of the present
invention, whether the liquid crystal layer 1 is aligned
in parallel with or perpendicular to the display surface,
in case that the thicknesses of the liquid crystal layer
are différent in the reflection display section 9 and.
transmission display section 10, to obtain satisfactory
brightness and contrast ratio both in the reflection
display section 9 and transmission display section 10,
when the reflection display section 9 shows the display
by letting the incident light from the display surface
side pass through the liquid crystal layer 1 and go out
to the display surface side through the liquid crystal
layer 1 again, and the transmission dis prlay section 10
shows the display by letting the incident light from
behind (back light 13 side) pass through the liquid

crystal layer 1 only once and go out to the display
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surface side, it 1is very effective to make the liquid
crystal layer thicker in the transmission display section
10 than in the reflection display section 9, and
therefore, to satisfy the aforementioned conditions.

In the following, of all the liquid crystal displays
of the present embodiment, tﬁose using the change of the
polarization state caused by the polarization converting
funétion of: the -liéuia crystéli iéyer 1 with the
polarization plates 14 and 15 will be explained by way of
examples and comparative examples with reference to
Figures 4 through 8 for purposes of explanatibﬂ onlyf

without any intention as a definition of the limits of

the invention.

(Examples 2-4)

In each of Examples 2 through 4, liquidlcrystal
cells for filling are assembled in the same manner as
Example 1. Here, the thicknesses (d) of the liquid
crysﬁal layer in the transmission display section 10 and
reflection display section 9 are 7.5um and 4.5um,
respectively. In other words, in Examples 2 throﬁgh 4,
the 1liquid crystal layer 1 is made thicker in the
transmission display section 10 than in the reflection
display section 9 by patterning the insulation £ilm 11 in

such a manner as to leave no photosensitive resin in the
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transmission display section 10 and form a 3um-thick
layer of the photosensitive resin in the reflection
display section 9. .However, in Examples 2 through 4, as
shown in Figure 4, the electrode pattern is formed in
such a manner that the electrode 7 of the reflection
display section 9 and the electrode 7 of the transmission
display section 10 are electrically isolated, so that a
voltage is appliedito each separatel? frém outside the
liquid crystal cell.

Further, iﬁ Examples 2 through 4, the liquid crystal
layer 1 is produced by filling liquid crysta} composition
with no chiral dopant, having positive dielectric
constant anisotropy and a difference of refractive index
(An) of 0.065 by means of vacuum injection.

Then, the liquid crystal displays are assembled by
laminating the phase difference compensation plates 16
and 17 and polarization plates 14 and 15 to the outside
of the respective electrode substrates of the liquid
crystal cell produced in thé above manner. Here, the
phase difference compensation plate 17 is composed of two
phase difference compensation plates in Examples 2
through 4, while the phase difference compensation plate
16 1is composed of two phase difference compensation
plates in Examples 2 and 4, and a single phaée difference

compensation plate in Example 3. The lamination



-96-
orientation of the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 is determined
correspondingly to the alignment direction (alignment
orientation) of the liquid crystal.

In Example 2, homogeneous alignment is used as the
director configuration of the liquid crystal, and the NB
(Noxrmally Blaqk) mode is used for the display mode. In
Exahplé 3,V the homogenous alignment is used as thé
director configuration of the liquid crystal, and the NW
(Normally White) mode is used for the display mode. In
Example 4, a combination of these modes are used (the NB
mode is used for the reflection display, and the NW mode
is used for the transmission display) .

In E#amples 2 through 4, parallel aligning alignment
films are used as the alignment films 2 and 3, so that
the 1liquid crystal is aligned in parallel with the
display surface when no voltage is applied to the liquid
crystal layer 1, and the alignment treatment is applied
to these alignment films 2 and 3 to form a crossed
rquing'angle of 180°.

Here, the crossed rubbing angle is defined, as shown

a9

in Figure 5, in the liguid crystal cell for £illin

19
L

composed of a pair of electrode substrates sandwiching
the liquid crystal layer 1, as an angle of the rubbing

direction Y of the alignment treatment orientation of the
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alignment film 3 (the alignment film 3 on the substrate
5 side) on the electrode substrate in a let direction
with respect to the rubbing direction X of the alignment
treatment orientation of the other alignment film 2
(alignment film 2 on the substrate 4 side) on the
electrode substrate on the viewer'’s side.

The director conflguratlon of the llquld crystal
molecules in the liquid crystal layer 1 sandw1ched by the
alignment treated alignment films 2 and 3 is determined
by the alignmenﬁ properties of the alignment films 2 and
3, a concentration of the chiral dopant for imparting a
natural twist to the 1liquid crystal, and the crossed
rubbing angle, when neither electric field nor magnetic
field exists.

When the crossed rubbing angle is 180°, the liquid
crystal composition aligns itself without twisting when
no chiral dopant is addedl- When the chiral dopant
induces a left-handed twist, the director configuration
of the liquid crystal 'remains intact until a
predetermined amount of the chiral dopant is added, and

when an amount added exceeds the predetermined amount,

the liquid crystal twists 190° t5 the left (18C° left

[

twist alignment), and with a further increasing amount of
the chiral dopant, the liquid crystal twists by an angle

of an integral multiple of 180°.
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Thus, in the present embodiment, given x° as the
rubbing orientation X of the aligﬁment film 2 provided on
the electrode substrate above the liquid crystal layer 1,
then the alignment orientation of the liquid crystal on
the alignment film 3 realized by the crossed rubbing
angle (180°) is x° when no chiral dopant is added, and
the alignment orientation is (180°+x) when the liquid
crystai is'tQisted 180° to:thé left between the eleétrode
substrates ‘above and beneath the liquid crystal layer 1
with an increasing amount of the chiral dopant.

In case that the nematicl liquid crystal having
positive dielectric constant anisotropy and no chiral
dopant is used when the alignment films 2 and 3 are the
parallel a1igning alignment films that align the liquid
crystal in parallel with their £film surfaces, when no
voltége is applied, the liquid crystal molecules take an
director configuration substantiaiiy parallel to the
electrode substrates sandwiching the liquid crystal layer
1 above and beneath with no twist (that ié, the
homogenous alignment), and upon voltage application, the
alignment starts to change from the central portion of
the 1ligquid crystal layer 1 in the layer thickness

direction.

The optical of the polarization plates 14 and 15,

phase difference compensation plates 16 and 17, and the
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liquid crystal layer '1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the 1liquid crystal) in the
liquid crystal displays in Examples 2 through 4 is set
forth in Table 1 below for ready comparison with
reference to a common orientation in any example.

The optical set forth in Table 1 is Ehe positionAof
each optical element on the display surface when the
viewer observes the display surface, and when the: phase
difference compensation plate 16 or 17 is composed of
more than one phase difference compensation plate, each
phase difference compensation plate forming the phase
difference compensation plate 16 or 17 isAsétlforth in
accordance with the actual position from the viewer’s
side.

Since the liquid crystal layer 1 is aligned without
any twist, the alignment orientation (alignment
orientation of the major axis of the liquid crystal
molecules) of the entire liquid crystal layer 1 when no
voltage is applied is set forth in Table 1 below, ana
this alignment orientation is the orientation of the
rubbing treatment applied to the alignment film 2 on the

substrate 4 side.

Each orientation is expressed in degrees from the
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reference orientation set arbitrarily on the display
surface, and the retardation (product of a difference of
in-plane refractive index and a thickness of the phase
difference compensation plate) of each phase difference
compensation plate is expfessed in nm with respect to a

beam of monochrome light having the wavelength of 550nm.

Table 1
EXAMPLE 2 3 4
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0 0 0
SLOW AXIS ORIENTATION (°) 15 15 15
PLATE | PLATE ,
16 RETARDATION (nm) 270 | 270 | 270
SLOW AXIS ORIENTATION (°) 165 - 165
PLATE
RETARDATION (nm) : 135 - 135
LC LAYER 1 ALIGNMENT ORIENTATION (°) 75 75 75
SLOW AXIS ORIENTATION (°) 165 | 165 | 165
PLATE | PLATE
17 RETARDATION (nm) 70 | 220} 90
SLOW AXIS ORIENTATION (°) 135 | 135 | 105
PLATE
RETARDATION (nm) 270 | 270 | 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 60 60 90

PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES
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Lics O gquid crystal
displays assembled in Examples 2 through 4 are graphed in
Figures 6 through 8, respectively. These display

characteristics were measured in the same manner as
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Example 1, and in these drawings, the horizontal axis
represents a root mean square value oththe applied
voltage, and the vertical axis represents the brightness
(reflectance or transmittance). Here, the transmittance
of the transmission display section 10 when the
polarization plates 14 and 15 are not provided is scaled
as 100%, and the refleptanée of the reflection display
section 9 before the pélarization plate 14 is‘proﬁided is
scaled as 100%.

| In Figure 6, a curve 211 represents the voltage
dependence of ;he reflectance of the reflection display
section 9 versus a voltage across the eléctrodes 6 and 7,
and a curve 212 represents the voltage dependence of-the
transmittance of the transmission display‘ section 10
versus -a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Example 2.

Figure 6 reveals that, in Example 2, while the
applied voltage is in a range between 1V and 2V, both the
reflectance and transmittance increase with an increasing
applied voltage. That is, when the applied'voltage is
1V, the reflectance of the reflection display seétion 9
and the transmittance of the transmission display section
10 are 3% and 2%, respectively, and when the applied
voltage is increased to 2V, both increase to 40%.

In Figure 7, a curve 221 represents the voltage
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dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7.
and a curve 222 represents the voltage dependence of the
transmittance of the transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Example 3.

Figure 7 reveals that, in Example 3, while the
applied vdiﬁége is in alrange between 1V and 2V, both the
reflection and transmittance decrease with an increasing
applied voltage. That is, when the applied voltage is
1V, Dboth the reflectance of the reflection display
section 9 and the transmittance of the transmission
display section 10 are 40%, and when the applied voltage
is increased to 2V, both decrease to 3% and 2%,
respectively.

In Figure 8, a curve 231 represents the voltage
dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7.
and a curve 232 represents the Qoltage dependence of the
transmittance of the transmission display section 10
versus a voltage across the electrodes 6.and 7 in the

liquid crystal display asserblad

in Examnle 4.
Figure 8 reveals that, in Example 4, while the
applied voltage is in a range between 1V and 2V, the

reflectance increases while the transmittance decreases
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with an increasing applied voltage. That is, when the
applied voltage is 1V, the reflectance of the reflection
display section 9 and the transmittance of the

transmission display section 10 are 3

o\®

and 40%,
respectively, and when the applied voltage is increased
to 2V, the reflectance of the reflection display section
9 increases to 40%, while the transmittance of the
transmission‘display secﬁion 10 decreases ﬁo 2%.

As has been explained, in all the liquid crystal
displays assembled in Examples 2 through 4, the
transmittance and reflectance change in response to a
change in the applied voltage, and each can show both the
reflection display and transmission display.

Further, the changes were checked visually. Then[
in Examples 2 and 3, it was confirmed that the changes
between the light display and dark display is equal and
the display was not inverted (from light to dark and vice
versa) in the reflection display section 9 and
transmission display section 10. >This is because the
display is shown by applying the same voltage to the
electrode 7 of Fhe reflection display section 9 and the
electrode 7 of the transmission display section 10 to
keep the applied voltage to the liquid crystal layer 1
equal in the reflection display' section 9 and

transmission display section 10 by means of the
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electrodes 6 and 7. In addition, no change in the
content of the display was observed when the luminance of
the ambient light was changed during the observation. TIn
other words, when the reflection display section 9 shows
the dark display, so does the transmission display
section 10, and when the reflection display section 9
shows the light dispiay, so does the transmission display
sectionilo; For this réason, eQen when thé feflection
display section 9 and transmission display section 10 are
driven by the same electrode 7 as is shown in Figure 1/
the display is not inverted.

By contrast, in Example 4, when the voltage is
applied in the same manner as Examples 2 and 3, that is,
when a voitage of 1V is applied, the transmission display
section 10 shows the light display while the reflection
display seéction 9 shows the dark display. Then, when a
voltage of 2V is applied, the transmission display
section 10 shows the dark display while the reflection
display section 9 shows the light displéy. Hence, the
displays are inverted in the réflection display section

9 and transmission display section 10. Thus, when the

i}

display is shown under the circumstance where the ambient

n

light is weak, and the display is shown by the reflection
display by brightening the ambient light when the user is

mainly observing the transmission display section 10, the
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display is inverted (from light to dark and vice versa),
and as a consequencef it becomes difficult to see the
display content. Thus, when, as iﬁ Example 4, the same
voltage was applied to the electrode 7 in the reflection
display section 9 and the electrode 7 in the transmission
display section 10, it was confirmed that the displays of
the reflection display section 9 and transmission display
section 10 were inverted cbnéiderably in a combination
mode of the NB and Nw, thereby deteriorating the
visibility.

However, in Example 4, the problem of such unwanted
inversion of the dark display and light display can be
resolved and a display state as satisfactory as those in
ExamplesAz and 3 can be obtained by applying different
voltages to the electrode 7 in the feflectiog display
section 9 and the electrode 7 in the transmission display
section 10, so that when the reflection display section
9 shows the light display, so does the transmission
display section 10, and when the reflection display
section 9 shows the dark display, so does the
transmission display section 10. More specifically, by

means of the electrodes 6 and 7 (alignment mechzanigm)

I

when a voltage of 1V is applied to the reflection display
section 9 to let the same show the dark display, a

voltage of 2V is applied to the transmission display
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section 10 to let the same show the dark display too, but
when a voltage of 2V is applied to the reflection display
section 9 to let the>same show the 1light display, a
voltage of 1V is applied to the transmission display
section 10 to let the same show the light display too.

In ﬁiew of the foregoing, the liquid crystal display
in any of Examples 2 through 4 can attain satisfactory
brightness and cantrast ratio for the 1igﬁt display in
both the reflection display section 9 and transmission
display section 10. Moreover, the liquid crystal display
in any of Examples 2 through 4 can match the dark/light
display in the reflection display section 9 and
transmission display section 10, thereby realizing
display with excellent visibility. Further, the liquid
crystal display- in any of Examples 2 through 4 has a
higher contrast ratio in the transmission display section
10 than in the reflection display section 9.
Consequently, the display quality can be further improved
and more satisfactory diéplay can be shown.

Next, of all the 1liquid crystal displays of the
present embodiment, a liquid crystal display using the
polarization converting function of the ligquid crvstal
layer 1 effected by the twist aligﬁment thereof will be
explained by way of examples and comparative examples

with reference to Figures 9 and 10 for purposes of
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explanation only, without any intention as a definition

of the limits of the invention.

(Example 5)

In the present example, a liquid crystal cell for
filling is assembled in the same manner as Example 1.
Here, the thicknesses (d) of the liquid crystal laYer in
the transmission disbiay sectidﬁ 10 and. refleétion
display section 9 are 7.5um and 4.S5um, respectively. In
other words, in the present example too, the thickness of
the 1liquid crystal 1layer is made thicker in thé
transmission display section 10 than in the reflection
display section 9 by patterning the insulation film 11 in
such a ménner as to leave no photosensitive resin in the
transmission display section 10 and form a 3um-thick
layer .of the photosensitive resin in the reflection
display section 9.

‘However, in the present example, like in Examples 2
through 4 as shown in Figure 4, the electrode pattern is
formed in such a manner that the electrode 7 of the
reflection display section 9 and the electrode 7 of the
transmission display section 10 are electrically
isolated, so that a voltage is applied to each separately
from outside the liquid crystal cell.

Further, the phase difference compensation plates 16
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and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the
above liquid crystal cell. Here, the phase difference
compensation plate 17 is composed of a single phase
difference compensation plate, while the phase difference
compensation plate 16 is composed of two phase difference
compensatiqn plates. The lamination orientation of the
phase difference compensation platés 16 and 17 and
polarization plates 14 and 15 is. determined
correspondingly to the alignment direction (alignment
orientation) of the liquid crystal.

In the present exémple, the liquid crystal display
is assembled in such a manner that the twist director
configurétion of thg liquid crystal layer 1 (angle of
twist of the director confiquration of the liquid crystal
(twist angle)) is 70°. More specifically, parallel
aligning alignment films are used as the alignment films
2 and 3, so that the director configuration of the liquid
crystal is parallel to the display surface when no
voltage 1is applied, and the alignment treatment is
applied to theseralignment films 2 and 3 by means of
rubbing in such a manner as to form the crossed rubbing
angle of 250°. The crossed rubbing angle is defined as
above. Then, the liquid crystal layer 1 is produced by

using vacuum injection to fuly: a space between the
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electrode substrates of the above liquid crystal cell
with a liquid crystal compositionAﬁéving a difference of
refractive index (An) of 0.065 and positive dielectric
constant anisotropy. The above alignment treatment and
the function of the chiral dopant added to the liquid
crystal composition impart an angle of twist (twist
angle) of 70° to the dirgctor configuration of the liquid
crystal; The li§uid crystéiblayer 1 aligned in this
manner starts to change its alignment upon application of
the voltage from the central portion thereof in the layer
thickness direction.

The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid érystal layer 1 (that is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the 1liquid crystal) in the
liquid crystal display of the present example is set
forth in Tabie 2 below for ready comparison with

reference to a common orientation.

(Example 6)
In the present example, like in Example 5, a liquid
crystal cell for filling is assembled in the same manner

as Example 1. Here, the thicknesses (d) of the liquid
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crystal layer in the transmission display section 10 and
reflection display section 9 are 7.5um and 4.5um,
respectively. Also, as shown in Figure 4, the electrode
pattern is formed in such a manner that the electrode 7
of the reflection display section 9 and the electrode 7
of the transmission display section 10 are electrically
isolated, so that a voltage is applied to each separately
from outside the llquld crystal cell. |

Further, the phase difference compensation plates 16
and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the
above liquid crystal cell. Here, each of the phase
difference compensation plates 16 and 17 is composed of
a singlé phase difference compensation plate. The
lamination - orientaﬁion of the phase difference
compensation plates 16 and 17 and polarization plates 14
and 15 is determined correspondingly to the alignment
- direction (alignment orientation) of the liquid crystal.

In the present example, the liquid crystal display
is assembled in such a manner that the twist director
configuration of the liquid crystal layer 1 (twist angle)
is 90°. More specifically, parallel aligning a2 llgnment
films are used as the alignment films é and 3, so ﬁhat
the director configuration of the liquid crystal becomes

parallel to the display surface when no voltage is
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applied, and the alignment treatment is applied to these
alignment films 2 and 3 by means of rubbing in such a
manner as to form the crossed rubbing angle of 270°. The
crossed rubbing angle is defined as above. Then, the
liquid crystal layer 1 is produced by filling the liquid
crystal composition having a difference of refractive
index (an) of 0.065 and the positive dielectric constant
anisotropy into a space bétwéen ﬁhe electrode substrates
of the liquid crystal cell for filling by means of vacuum
injection. The above alignment treatment and the
function of the chiral dopant added to the liquid crystal
composition impart the angle of twist (twist angle) of
90° to the director configuration of the liquid crystal.
The 1iquid crystal layer 1 aligned in this manner starts
to change its alignment upon application-of the voltage
from the central portion thereof in the layer thickness
direction.

The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal 1layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the liquid crystal) in the
liquid crystal display of the present example is set

forth in Table 2 below for ready comparison with a
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reference to common orientation.

The optical set forth in Table 2 is the position of
each optical element on the display surface when the
viewer observes the display surface, and when the phase
difference compensation plate 16 or 17 is composed of
more than one phase difference compensation plate, each
phase difference cpmpensation plate forming the phase
diffefeﬁce cdmpensatioh plate 16 or 17 is sét forth in
accordance with the actual position from the viewer's
side.

The alignment orientation of the liquid crystal
layer 1 (the alignment orientation of the major axis of
the liquid crystal molecules) on the substrate 4 side is
identical with the orientation of the rubbing treatment
applied to the alignment f£ilm 2 on the substrate 4, and
on the substrate 5 side is identical with the orientation
of the rubbing treatment applied to the alignment f£ilm 3
on the substrate_ 5. Noté that, however, when the
alignment orientation of the liquid crystal touching the
alignment film 2 is traced toward the alignment film 3,
the alignment orientation is twisted 90° to the left. 1In
case that the director configuration of the liquid
crystal is traced in the above manner, on the assumption
that the orientation of the rubbing treatment applied to

the alignment film 2 is the alignment orientation on the
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substrate 4 side (héreinafter, referred to as the
substrate 4 alignment orientation), the rubbing
orientation of the alignment film 3 is inverted by 180°
from the orientation traced along the twist of the
director configuration of the liquid crystal. In the
following, the alignment orientation on the substrate 5
side (hereinafter, referred to as the substrate 5
éligﬁment orientation) is Adéfined as the director
configuration of the liquid crystal on the substrate 5
traced along the twist of the director configuration of
the liquid crystal from -the substrate 4 alignﬁent
orientation.

Each orientation is expressed - in degrees from the
reference orientation set arbitrarily on the display
surface, and thg retardation of each phase difference
‘compensation plate is expressed in nm with respect to a

beam of monochrome light having the wavelength of 550nm.
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Table 2
EXAMPLE 5 6
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) o] o]
SL.OW AXIS ORIENTATION (°) 18 12
PLATE | PLATE
16 RETARDATION (nm) 270 | 135
SLOW AXIS ORIENTATION (°)° 126 -
PLATE
RETARDATION (nm) 135 -
‘LC LAYER 1 'SUBSTRATE 4 ALIGNMENT ORIENTATION (°) 16 | -11
SUBSTRATE 5 ALIGNMENT ORIENTATION (°) 86 79
SLLOW AXIS ORIENTATION (°) -4 135
PLATE | PLATE
17 RETARDATION (nm) 260 | 260
PLATE 15 TRANSMISSION AXIS ORIENTATION {(°) 152 90

PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

The.display characteristics of the liquid crystal
displays assembled in Examples S5 and 6 are graphed in
Figures 9 and ld, respectively. These display
characteristics were measured in the same manner as
Example 1, and in each drawing, the horizontal axis
represents a root mean square value of the applied
voltage, and the vertical axis represents the brightness
(reflectance or transmittance) . Here, the transmittance

of the transmission display sect

,_J.

on 10 when the
polarization plates 14 and 15 are not provided is scaled
as 100%, and the reflectance of the reflection display

section 9 before the polarization plate 14 is provided is
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scaled as 100%.

In Figure 9, a curve 241 represents the voltage
dependence of the reflectance of the reflection display
section 9 versus a voltage anross the electrodes 6 and 7,
and a curve 242 represents the voltage dependence of the
transmittance of the transmission display sectinn 10
versus a voltage across the electrodes 6 and 7 in the
liquid nrystal display assembled in Example 5.

Figure 9 reveals that, in Example 5, while the
applied voltage is 1.2V or higher, both the:reflectance
and transmittance increase with an increasing applied
yoltage. That is, when the applied voltage is 1V, the
reflectance of the reflection display section 9 and the
transmittance of the transmission display section 10 are
3% and 2%, respeétively, and when the applied voltaée is
increased to 4V, both increase to 41% and 40%

° s

respectively.

In Figure 10, a curve 251 represents the voltage
dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7,
and a curve 252 represents the voltage dependence of the
transmittance of the transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Example 6.

Figure 10 reveals that, in Example 6, 1like in
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Example 5, while the applied voltage is 1.2V or higher,
both the reflectance and transmittance increase with an
increasing applied voltage. That is, when the applied
voltage is 1V, the reflectance of the reflection display
section 9 and the transmittance of the transmiésion
display section 10 are 3% and 2%, respectively, and when
the applied voltagé is increased to 4V, both ingrease to
35%laﬁa 37%, respeétively.

As has been explained, in each of-the liquid crystal
displays assembled in Examples 5 and 6, the transmittance
and reflectance change in response to a change in the
applied voltage, and each can show both the reflection
display and transmission display.

Further, the changes were checked visually. Then,
in Examples 5 and 6, it was confirmed that the changes
between the light display and dark display were equal and
the display was not inverted (from light to dark and vice
versa) in the reflection display section 9 and
transmission display section 10, even when the display is
shown by applying the same voltage to the electrode 7 of
the reflection display section 9 and the electrode 7 of
the transmissicn display section 10 to keep the applied
voltage to the 1liquid crystal layer 1 equal in the
reflection display section 9 and transmission display

section 10 by the electrodes 6 and 7. In addition, a
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change in the content of the display is not observed when
the luminance of the ambient light is changed during the
observation. In other words, when the reflection display
section 9 shows the dark display, so does the
transmission display section 10, and when the reflection
display section 9 shows the light display, so does the
transmission display section 10. For th;s reason, even
when the reflection display‘section 9 and transmission
display section 10 are driven by the same electrode 7 as
is shown 'in Figurxe 1, the display is not inverted in
Example 5 nor 6.

In view of the foregoing, the liquid crystal
displays in Examples 5 and 6 can attain satisfactory
brightneés and contrast fatio for the light display in
both the reflection display section 9 and transmission
'display section 10. Moreover, the 1liquid crystal
displays in Examplés 5 and 6 can match the dark/light
display in the reflection display section 9 and
transmission display section 10, thereby realizing
display with excellent visibility. Further, the liquid
crystal displays in Examples SI'and 6 have a higher
contrast ratio in the transmission disvlay section 10
than in the reflection display section 9. Consequently,
the display quality can be further improved and more

satisfactory display can be shown.



-118-

Also, both the liquid crystal displays of Examples
5 and 6 have good visibility, and can show a high-
resolution color display while using both the reflected
light and transmitted 1light, but the 1liquid crystal
display of Example 6 is less expensive compared with its
counterpart of Example 5, becausé the former uses fewer
phase difference compensation plates.

Explained in the present embodiment was the liquid
crystal display which can show satisfactory reflection
display and tfansmission display by changing thé
thickness of the liquid crystal layer.in the reflection
display section and transmission display section. The
fgllowing will explain a 1iquid crystal display, which
can show satisfactory reflection display and transmission
display even{théugh the thicknesses of the liquid crystal

layexr in the reflection display section and transmission

display section are equal.

Embodiment 3

Explained in the present embodiment is a liqﬁid
crystal display which has the equal thickness of the
liquid crystal layer in the reflection display section
and transmission' display section but can show
satisfactory reflection display and transmission display

by changing the director configuration of the liquid
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crystal by applying different voltages to the reflection
display section and transmission display section.

In the present embodiment, a liquid crystal display,
which has the polarization plates 14 and 15 of Embodiment
2 and the equal thickness of the liquid crystal layer in
the reflection display section and transmission display
section and uses the retardation of the liquid crystal
layer 1 for the display, will be explained by way of
examples and comparative examples with reference to
Figures 4 and 11 through 16 for purposes of explanation
only, without any intention as a definition of the limits
of the invention.

Hereinafter, like components are labeled with like
referencé numerals with respect to Embodiments 1 and 2,
and, for ease of explanation, the description of these .
components is not repeateg here. Also, the arrangement
of the entire 1liquid crystal display of the present
embodiment is identical with its counterpart of
Embodiment 2 except that the thickness of the liquid
crystal layer .is equal in the reflection display section
9 and transmission display section 10, and the
descrivtion of which is not repeated either for ease of
explanation.

To give the liquid crystal layer 1 equal thicknesses

in the reflection display section 9 and transmission
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display section 10 like in the present embodiment, the
insulation film 11 is omitted and the electrode 7 is

formed directly on the substrate 5, for example.

(Example 7)

In the present'example, a liquid crystal cell for
filling, having the liquid, crystal layer having a
fhickness (d) of 4.5um both in the reflection displa?
section'9 and transmission display section 10 is produced
in the same manner as Example 1 except that the
insulation film 11 made of the insulation photosensitive
resin is not formed on the substrate 5, and that, as
shown in Figure 4, the electrode pattern is formed in
such a mannerxr ;hat the electrode 7 of the reflection
display section 9 and the electrode 7 of the transmission
display section 10 are electrically isolated, so that a
voltage is applied to each separately from outside the
liquid crystal cell.

Then, the liquid crystal layer 1 is produced by -
filling the liquid crystal composition having a
difference of refractive index (An) of 0.065 and positive
dielectric constant anisotropy into the liquid crystal
cell for filling by means of vacuum injection.

Further, the phase difference compensation plates 16

and 17 and polarization plates 14 and 15 are laminated to
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the outside of the respective electrode substrates of the
above 1liquid crystal cell. Here, each of the phase
‘difference compensation plates 16 and 17 is composed of
two phase difference compensation plates. The lamination
orientation of the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 is determined
: ¢orrespondingly' to the alignment direqtion (alignment
orientation) of the liquid crystal.

In the present example, the liquid crystal in the
liquid crystal layer 1 is aligned in parallel with the
substrates 4 and 5 fparallel to the display surface) with
no twist, and the Dbirefringence mode using the
retardation of the liquid crystal layer 1 for the display
is adopted as the liquid crystal display method.

Also, in .the present example, ﬁhe retardation
suitable for the reflection display is used for the
transmission display section 10. Here, the reflection
display section 9 is arranged in the same manner as its
counterpart of Examﬁle 2 in Embodiment 2, while the
transmission display section 10 is arranged differently
from its counterpart of Example 2 in that it has the
liguid crystal layer as thick as the one in ‘the
reflection display section 9. Thus, to assemble the
liquid crystal display of the present example, the liquid

crystal display of Example 2 is re-designed optically to
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determine the optical of the polarization plates 14 and
15 and phase difference compensation plates 16 and 17.
In the present example, the optical of the polarization
plates 14 and 15 and phase difference compensation plates
16 and 17 1is determined in such a manner that the
transmission display section 10 can show satisfactory
dark display.

In the present example, like in Example 2, pérallel
aligning alignment films are used as the alignment films
2 and 3 to align the liquid crystal in parallel with the
display surface when no Voltagevis applied to the liquid
crystél layer_l, and the alignment treatment is applied
to thesg alignment films 2 and 3 in such a manner as to
form the crossed rubbing angle of 180°.

In the above alignment treatmeht, the angle of twist
of the director configuration of the liquid crystal
(twist angle) is 0°, and the alignment starts to change
-upon the voltage application from the central portion of
the liquid crystal in the layer thickness direction of
the liquid crystal layer 1.

The optical of the polarization plates 14 and 15,

o

a difference compen

)

ation plates 1¢ and 17, and the
liquid crystal layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and

phase difference compensation plates 16 and 17, and the
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alignment orientation of the 1liquid c¢rystal) in the
liquid crystal display of the present example is set
forth in Table 3 below for ready comparison with

reference to a common orientation.

(Comparative Example 3)

In the present compa:ative example with respect to
Example 7 above, a comparative liquid crystal display is
assembled in the same manner as Example 7 except that the
phase difference compensation plate 16 is composed of two
phase difference compensation plates while the phase
difference compensation plate 17 is composed of a single
phase difference cémpensation plate, and that the optical
of the pélarization plates 14 and 15 and phase difference
compensation plates 16 and 17 is set in such a manner
that the transmission display section 10 can show
éatisfactory light display. The lamination orientation
of the phase difference compensation plates 16 and 17 and
polarizatioﬁ plates 14 and 15 is determined
correspondingly to the alignment. direction (alignment
orientation) of the liquid crystal.‘

In the §resent comparative example, like in Example
7, parallel aligning alignment films are used as the

alignment films 2 and 3 to align the liquid crystal in

parallel with the display surface when no voltage is
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applied to the liquid crystal layer 1, and the alignment
treatment is applied to these alignment films 2 and 3 in
such a manner as to form the crossed rubbing angle of
180°.

In the above alignment treatment, the angle of twist
of the director configuration of the 1liquid crystal
(cwist angle) 1is 0°, and the a;ignment starts to change
upon the §oltage application from the central portion of
the liquid crystal in the layer thickness direction of
the liquid crystal léyer 1.

The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and thé
liquid crystal layer 1 (that is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the liquid crystal) in the
comparative iiquid crystal display of the present
comparative example is set forth in Table 3 below for

ready comparison with reference to a common orientation.

(Example 8)

A licquid crystal display of the present example is
assembled in the same manner as Example 7 except that the
thickness (d) of the liquid crystal layer in both the

reflection display section 9 and transmission display
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- section 10 is 7.5um, and that the optical of the
polarization plates 14 and 15 and phase difference
compensation plates 16 and 17 is set in such a manner.
ﬁhat reflection display section 9 can show satisfactory
reflection display by using the retardation suitable for
the transmission display.

To be more specific, .in _the present example, a
liquid crystal cell for filling, including the liquid
crystal layer having a thickness (d) of 7.5um in both the
reflection display section 9 and transmission display
section 10, is produced in the same manner as Example 1
except that the insulation film 11 made of the insulation
photosensitive resin is not formed on the substrate 5,
and that, as shown in Figure 4, the electrode pattern is
formed in such> a manner that the electrode 7 of the
reflection display section 9 and the electrode 7 of the
transmission display section 10 are electrically
isolated, so that a voltage is applied to each separately’
from outside the liquid crystal cell.

Then, the 1liquid crystal layer 1 is producgd by
filling the 1liquid crystal composition having a
difference of refractive index (an) of 0.065 and the
positive dielectric constant anisotropy but the chiral
dopant into the above liquid crystal cell for filling by

means of vacuum injection.
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Further, the phase difference compensation plates 16
and 17 and polarization plates 14 and 15 are laminated to
the outside.of the respective electrode substrates of the
above liéuid crystal cell. Here, each of the phase
difference compensation plates 16 and 17 is composed of
two phase difference compensation plates. The lamination
orientation of the phase difference.compensation plates.
16 and 17 and polarization plates 14 and 15 is determined
correspondingly to the alignment direction (alignment
orientation) of the liquid crystal.

'In the present example, the liquid crystal in the
liquid crystal layer 1 is aligned in parallel with the
substrates 4 and 5 (parallel to the display surface) with
no twist, and the Dbirefringence mode using the
retardation of ﬁhe liquid crystal layer 1 for the display
is adopted as the liquid crystal display method.

Also, in the present example, the retardation
suitable for the transmission display is used for the
reflection display section 9. Here, the transmission
display section iOhis arranged in the same manner as its
counterpart of Example 2 in Embodiment 2, while the
reflection display'section.ﬁ 1s arranged differently from
its counterpart of Example 2 in that it has the liquid
crystal layer as thick as the one in the transmission

display section 10. Thus, to assemble the liquid crystal
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display of the present example, the liquid crystal
display of Example 2 1is ‘re-designed optically to
determine the optical of the polarization plates 14 and
15 and phase difference compensation plates 16 and 17.
In the present example, the optical of the polarization
plates 14 and 15 and phase difference compensation plates
16 and 17 1is dete;mined. in such a manner that
satisfactory reflection display can be shown.

In the present example, like in Example 2, parallel
aligning alignment films are used as the alignment films
2 and 3 to align the liquid crystal in parallel with the
display surface when no voltage is applied to the liquid
crystal layer 1, and the alignment treatment is applied
to these alignment films 2 and 3 in such a manner as to
form the cfossea rubbing angle of 180°.

In the above alignment treatment, the angle of twist
of the director configuration of the liquid crystal
(twist angle) is 0°, and the alignment starts to change
upon the voltage application from the central portion of
the liquid crystal in the layer thickness direction of

the liquid crystal layer 1.

f
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The opt
phase difference compensation plates 16 and 17, and the

liquid crystal layer 1 (that 1is, the lamination

orientation of the polarization plates 14 and 15, and
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phase difference compensation plates 16 and 17, and the
alignment orientation of the 1liquid crystal) in the
liquid crystal display of the present example is set
forth in Table 3 below for ready comparison with
reference to a common orientation.

The optical shown in Table 3 below is the position
of each optical element on the display surfacé when the
viewer observes the display surface, and when the phase
difference compensation plate 16 or 17 is composed of
more than one phase difference compensation plate, each
phase difference compensation plate forming the phase
difference cémpensation plate 16 or 17 is set forth in
accordance with the actual position from the viewer's
side.

Since the liquid crystal layer 1 is aligned without
any twist, the alignment orientation set forth in Table
3 bélow is the alignment orientation (alignment
orientation of the major axis of the liquid crystal
molecules) in the entire ligquid crystal layer 1 when no
voltage is applied, and it is identical with the
orientation of the rubbing treatment applied to the
alignment film 2 on the substrate 4 side.

Each orientation is expressed in degrees from the
reference direction set arbitrarily on the display

surface, and the retardation of each phase difference
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compensation plate is expressed in nm with respect to a

beam of monochrome light having the wavelength of $50nm.

Table 3
EXAMPLE 7 { 3% i g
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0 0 0
SLOW AXIS ORIENTATION .(°) 15 15 1is
PLATE | PLATE :
16 . | RETARDATION (nm). 270.i 270 270
SLOW AXIS ORIENTATION (°) 165 i 165 i 165
PLATE
RETARDATION (nm) 135 i 135 : 135
LC LAYER 1 ALIGNMENT ORIENTATION (°) 75 75 75
SLOW AXIS ORIENTATION (°) 75 105 : 165
PLATE | PLATE
17 RETARDATION (nm) 135 : 270 70
SLOW AXIS ORIENTATION (°) 135 - 135
PLATE
RETARDATION (nm) 270 - 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) .60 § 0 { 60

3*: COMPARATIVE EXAMPLE 3
PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

(Comparative Example 4)

A comparative liquid crystal display of the present
comparative example is assembled in the same manner as
Example 7 except that the liquid crystal in the liquid
crystal layer 1 is aligned 1in parallel with the
substrates 4 and 5 (parallel to the display surface) and
twisted by 70°, and that the polarization converting

function of the liquid crystal layer 1 effected by the
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twisted director configuration of the liquid crystal
layer 1 is used for the display.

To be more specific, in the present comparatiye
example, a liquid crystal cell for filling, including the
liqﬁid crystal layer having a thickness (d) of 4.5um in
both the reflection display section 9 and transmission
display section 10, is produced in the same manner as
Example i except that the iﬁsulation film 11 made of the
insulation photosensifive resin is not formed on the
substrate 5, and that,b as shown in Figure 4, the
electrode pattern is formed in such a manner that the
electrode 7 of the reflection display section 9 and the
electrode 7 of the transmission display section 10 are
electrically isolated so that a voltage is applied to
each separately from outside the liquid crystal cell.

Further, the phase difference compensation plates‘16
and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the
above 1liquid crystal cell. Here, each of the phase
difference compensation plates 16 and 17 is composed of
two phase difference cﬁmpensation.plates. The lamination
orientaticn of the phase difference compensation plates
16 and 17 and polarization plates 14 and 15 is determined
correspondingly to the alignment direction (alignment

direction) of the liquid crystal.
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Further, in the present comparative example,
parallel aligning alignment films are used as the
alignment films 2 and 3, so that the director
configuration of the liquid crystal is parallel to the
display surface when no voltage 1is appiied, and the
rubbing treatment is applied thege alignment films 2 and
3 in ‘such: a manner as: to form the crossed rubblng angle
of 250°. The crossed rubbing angle is defined as above.
Then, the liquid crystal layer 1 is produced by filling
the liquid crystal composition having a difference of
refractive index (An) of 0.065 and positive dielectric
constant anisotropy into a space between the electrode
substrates of the liquid crystal cell for filling by
means of vacuum injection The above alignment treatment
and the functlon of the chiral dopant added to the llquld
crystal composition impart the angle of twist (twist
angle) of 70° to the director configuration of the liquid
crystal. A concentration of the chiral dopant is
adjusted to impart the above specified twist angle. The
liquid crystal layer 1 aligned in this mahner starts to
changé its alignment upon application of the voltage from
the central portion thereof in ics layer thickness
direction.

Also, in the present comparative example, the

product (4n-d) of a difference of the refractive index
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(an} of the liquid Ccrystal composition and a thickness
(d) of the 1liquid crystal layer suitable for the
reflection display is used for the transmission display
section 10. Here, the reflection display‘section 9 is
arranged in the same manner as its counterpart of Example
5 in Embodiment 2, while the transmission display section
10 is arranged differently,-frdm its counterpart of
Example 5 in Embodiment 2 in that it has,the same liquid
crystal layer thickness as the one in the reflection
display section 9. Thus, to assemble the comparative
liquid crystal display of the present compafative
example, the liquid crystal display of Example S is re-
designed optically to determine the optical of the
polarization plates 14 and 15 and phase difference
compensation piates le and 17. In the present
comparative example, the optical of the polarization.
plates 14 and 15 and phase difference compensation plates
16 and 17 is determined in such a manner that the
transmission display section 10 can show satisfactory
dark display.

The optical of the polarization plates ;4 and 15,

33
e dil

ference compensation plates 16 and 17, and the

4]

pha
liquid crystal layer 1 (that is, the lamination
orientation of the polarization plates 14 and 15, and

phase difference compensation plates 16 and 17, and the
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alignment orientation of the liquid crystal) in the
comparative liquid crystal display of the present
comparative example is set forth in Table 4 below for

ready comparison with a reference to a common

orientation.

(Comparative Example 5)

In the present comparative example, a comparative
liquid crystal display is assembled in the same manner as
Comparative Example 4 except that the polarization plates
14 and 15 and phase difference compensation plates 16 and
17 are optically positioned in such a manner that the
transmission display section 10 can show satisfactory
light display. To be more specific, a comparative liquid
crystal displa& is assembled in ' the same .manner as
Example 7 except that: (1) the polariéation plates 14 and
15 and phase difference compensation plates 16 and 17 are
optically positioned ‘- in such a manner that the
transmission display section 10 can show satisfactory
light display, (2) the liquid crystal in the 1liquid
crystal layer 1 is alignéd in parallel with the
substrates 4 and 5 {parallel to the display surface) and
twisted by 70°, and (3) the polarization converting
function of the liquid crystal layer 1 effected by the

twisted alignment thereof is used for the display.
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The optical of the polarization plates 14 and 15,
phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the 1liquid crystal) in the
comparative liquid crystal- display of ;he present
comparative example is set forth in Table 4 below for

ready comparison with reference to a common orientation.

(Example 9)

In the present example, a liquid crystal display is
assembled in the same manner as Example 8 except that (1)
the phase.differgnce compensation plate 16 is composed of
two phase difference cémpensation plates while the phase
difference compensation plate 17 is composed of a single
phase difference ‘compensation plate, (2) the liquid
crystal in the liquid crystal layer 1 1is aligned in
parallel with the substrates 4 and 5 (parallel to the
display. surface) and twisted by 70°, and (3) the
polarization converting function of the liquid crystal
layer 1 effected bv the ftwisted zlicnment therecf is used
for the display.

To be more specific, in the present example, a

liquid crystal cell for filling, including the liquid
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crystal layer having a thickness (d) of 7.5um both in the
reflection "display section 9 and transmission display
section 10, is produced in the same manner as Example 1
except that the insulation film 11 made of the insulation
photosensitive resin is not formed on .the substrate 5,
and that, as shown in Figure 4, the electrode pattern is
formed in such a manner that the electrode 7  of the
reflection display section 9 and the electrode 7 of the
transmission display section 10 are electrically
isolated, so that a voltage is applied to each separately
from outside the liquid crystal cell.

Further, the phase difference compensation plates 16
and 17 and polarization plates 14 and 15 are laminated to
the outside of the respective electrode substrates of the
above liquid crystal cell. Here, the phase difference
compensation plate 17 is composed of a single phase
difference compensation plate, while the phase difference
compensation plate 16 is composed of two phase difference
compensation plates. The lamination orientation of the
phase difference compensation plates 16 and 17 and

polarization plates 14 and 15 is determined

fi

corres

pondingly to the alignment direction (alignment

L

orientation) of the liquid crystal.
In the present example, the liquid crystal display

is assembled in such a manner that the twist director
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configuration of the liquid crystal layer 1 (angle of
twist of the director configuration of the liquid crystal
(twist angle)) 1is 70°. More specifically, parallel
aligning alignment films are used as the alignment films
2 and 3, so that the director configuration of the liquid
crystal is parallel to the display surface when no
voltage is applied,' and‘ the alignment' treatment is
applied to fhese alignment films 2 and 3 by means of
rubbing in-such a manner as to form the crossed rubbing
angle of 250°. The crossed rubbing'angle is defined as
above. Then, the liquid crystal layer 1 is produced by
£filling the 1liquid crystal éomposition- having a
difference of refractive index (an) of 0.065 and positive
dielectric constant anisotropy into a space between the
electrode substfates of the 1liquid crystal cell for
filling by means of vacuum injection. The above
alignment treatment and the function of the chiral dopant
added to the liquid crystal composition impart the angle
of twist (twist angie) of 70° to the director
configuration of the liquid crystal. A concentration of
the chiral dopant is adjusted in such a manner as to
impart the above specified twist angle go the director
configuration of the liquid crystal. The liquid crystal
layer 1 aligned in this manner starts to changev its

alignment upon the voltage application from the central
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portion thereof in its layer thickness direction.

In the present example, the product (aAn-d) of a
difference of the refractive index (An) of the liquid
crystal composition and a thickness (d) of the liquid
crystal layer suitable for the transmission aisplay is
used for the reflection display section 9. Here, the
transmission display section 10 is arranged in the same
manner as its counterpart of Example S in Embodiment 2,
while the reflection display section 9 is arranged
differently from its counterpart of Example S5 in that it
has the same liquid crystal layer thickness as the one in
the transmission display section 10. Thus, to assemblé
the liquid crystal display of the present example, the
liquid crystal display of Example 5 is re-designed
optically to determine the optical of the polarization
plates 14 and 15 and phase difference compensation plates
16 and 17. In the present example, the optical.of the
polarization plates 14 and 15 and phase difference
compensation plates 16 and 17 is determined in such a
manner that satisfactory reflection display can be shown.

The optical of the polarization plates 14 and 15,
bhase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and

phase difference compensation plates 16 and 17, and the
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alignment orientation of the 1liquid crystal) in the
ligquid crystal display of the present example is set
forth in Table 4 below for ready comparison with
reference to a common orientation.

The optical shown in Table 4 is the position of each
optical element on the display surface when the viewer
obse;ves the display surface,  ‘and when the phase
differeﬁce compensation plate 16 or 17 is composed of
more than one phase difference compensation plate,veach
phase difference compensation plate forming the phase
difference compensation plate 16 or 17 is set forth in
accordance with the actual position from the viewer’s
- side. Also, in Table 4, each orientation is expressed in
degrees from the reference orientation set arbitrarily on
the display surface, and the retardation of each phase
difference compensation plate is expressed in nm with

reépect to a beam of monochrome 1light having the

wavelength of 550nm.
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Table 4
EXAMPLE a4+ | 5% 9
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0 0 o
SLOW AXIS ORIENTATION (°) 18 | 1s 18
PLATE | PLATE - -
16 RETARDATION (nm) 270 | 270 | 127
SLOW AXIS ORIENTATTON (°) 126 | 126 | 126
PLATE
RETARDATION (nm) 135 | 135 | 135
, SUBSTRATE 4 ALIGNMENT .16 | 16 16
LC LAYER 1 ORIENTATION (°)
SUBSTRATE 5 ALIGNMENT 86 | ss 86
ORIENTATION (°)
SLOW AXIS ORIENTATION (°) 36 | 38 -a
PLATE
PLATE RETARDATION (nm) 135 | 135 | 260
17 SLOW AXIS ORIENTATION (°) 96 | 108 -
PLATE
RETARDATION (nm) 270 | 270 -
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) | 21 0 152

4*: COMPARATIVE EXAMPLE 4

S*: COMPARATIVE EXAMPLE S

PLATES 14-15: POLARIZATION PLATES

PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

As has been explained, in the liquid crystal display
of Example 7 and the comparative liquid crystal displays
of Comparative Examples 3 through 5, a thickness (d) of
the 1liquid crystal layer is set to 4.5um, so that
satisfactory reflection display can be shown. Thus, in
Example 7 and Comparative Examples 3 through .5, the
optical of the polarization plate 14 and phase difference
compensation plate 16, which are responsible for the

reflection display alone, is set to be suitable for the
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reflection display. On the other hand, the thickness of
the liquid. crystal layer of the transmission display
section 10 is set differently from the one in its
counterpart of each Example in Embodiment 2. Thus, in
Example 7 and Comparative Examples 3 through 5, the
optical of the phase difference compensation plate 17 and
polarization plate 15 is set individually in accordance
with the optical characteristics of the transmission
display section 10. In other words, in Example 7 and
Comparative Example 4, the liquid crystal displays which
can realize the satisfactory dark display are assembled,
and in Comparative Examples 3 and 5, the liquid crystal
displays which can realize satisfactory light display are
assembled.

In contraét, in the 1liquid crystal displays of
Examples 8 and 9, a thickness (d) of the iiquid crystal
layer is set to 7.5um, so that satisfactory transmission
display can be shown. For this reason, in Examples 8 and
9, the optical of the polarization plate 14, phase
difference control plates 16 and 17, and polarization
plate 15 is set to be suitable for the transmission
display. Thus, in Examples 8 and 9, the display
characteristics of the reflection display section 9 are
determined by the optical of the polarization plate 14

and phase difference compensation plate 16 whose optical
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is set for the transmission display.

In addition, the display characteristics of the
liquid crystal displays assembled in Example 7,
Comparative Example 3, Example 8, Comparative Examples 4
and 5, and Example 9 are graphed in Figures 11 through
15, respectively. These display characteristics were
measured through thg microscqpe in the. same manner as
Example 1, and in each drawing, the horizontal axis
represents a root mean square value of the applied
voltage, and the vertical axis represents the brightness
(réflectance Or transmittance). Here, the transmittance
of the transmitting display section 10 when the
polarization plates 14 and 15 are not provided is scaled
as 100%, and the reflectance of the reflection display
section 9 beforé the polarization plate 14 is provided is
scaled‘as 100%.

In Figure 11, a curve 261 represents the voltage
dependence of the reflectancerf the reflection display
section 9 versus a voltage across the electrodes 6 and 7;
and a curve 262 represents the voltage dependence of the
transmittance of the transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Example 7.

Figure 11 reveals that, in Example 7, while the

applied voltage is in a range between 1V and 3V, the
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transmittance increases with an increasing applied
voltage. On the other hand, the reflectance increases
with an increasiné’ applied voltage while the applied
voltage is in a range between 1V and 2V, and decreases
with an increasing applied voltage after the applied
voltage exceeds 2V. That is, when the applied voltage ie
1V, the reflectance of - the refleccion display section 9
and the transmittance of the transmisgion display section
10 are both 3%. When the applied-voltage is increased to
2V, both increase to 40% and 18%, respectively, and when
the applied voltage is increased further to 3V, the
reflectance of the reflection display section 9 decreases
to 28%, while the transmittance of the transmission
display section increases further to 33%.

In Figure>12r a curve 271 represents the voltage
depeﬁdence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7,
and a curve 272 represents the voltage dependence of the
transmittance of the transmission displéy section 10
versus a voltage across the electrodes 6 and 7 in the
ligquid crystal display assembled in Comparative Example
3.

Figure 12 reveals that, in Comparative Example 3,
while the applied voltage is in a range between 1V and

2V, both the reflectance and transmittance increase with
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an increasing applied voltage. That is, when the applied
voltage is 1V, the reflectance of the reflection display
section 9 and the transmiﬁtance of the transmission
display section 10 are 3% and 18%, respectively, and when
the applied voltage is iﬂcreased to 2V, both increase to
40%.

In Figure 13, a curve 281 represents the voltagg
dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7,
énd a curve 282 represents the voltage dependence of the
transmittance o©f the transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Example 8.

Figﬁre 13 reveals that, in Example 8, while the
applied véltage‘is in a range between 1V and 2V, the
transmittance increases with an increasing applied
voltage. On the other hand, the reflectance increases
with an increasing applied voltage when the applied
voltage is in a range between 0.7V and 1.2V, decreases
with an increasing applied voltage when the applied
voltage is in a range between 1.2V and 1.7V, and
increases again with an increasing applied wvoltage when
the applied voltage is in a range between 1.7V and 2.3V.
That is, when the applied voltage is 1V, the reflectance

of the reflection display section 9 and the transmittance
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of the transmission display section 10 are 24% and 3%,
respectively. When the applied voltage is increased to
1.2V, the reflectance of the reflection display section
9 increases to 40%. When the applied voltage is further
increased to 1.7V, the reflectancel’of the reflection
display section 9 decreases to 3%. When the applied
voltage is further increased to 2V, both the reflectance
of the reflection display section 9 and the transmitﬁance
of the transmission display section 10 increase to 27%
and 39%, respectively.

In Figure.l4, a curve 291 represents the voltage
dependence of the reflectance of the reflection display
section 9_vefsus a voltage across the electrodes 6 and 7,
and a curve 292 represents the voltage dependence of the
transmittance of the transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Comparative Examéié
N . .

Figure 14 reveals that, in Comparative Example 4,
while the applied voltage is in a range between 1.2V and
3V, both the reflectance and transmittance increase with
an increasing applied voltage. That is, when the applied
voltage 1is 1.2V, the reflectance of the reflection

display section 9 and the transmittance of the

o\°

transmission display section 10 are 3 and 1%,
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respectively, and when the applied voltage is increased
to 3V, both increase to 36% and 16%, respectively.

In Figure 15, a curve 311 represents the voltage
dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7,
and a curve 312 represents the voltage depeﬁdence of the
t;ansmittance of .the_ transmission display section 10
versus a voltage across the electrodes 6 and 7 in the
liquid crystal display assembled in Comparative Example
5.

Figure 15 reveals that, in Comparative Example 5,
while the applied voltage is in a range between 1.2V and
3V, both the reflectance and transmittance increase with
an increasing applied voltage. That is, when the applied
voltage is 1.2V, the reflectance of the reflection
display section 9 and the transmittance of the
transmission display section 10 are 3% and 21%,
respectively, and when the applied voltage is increased
to 3V, both increase to 39% and 35%, respectively.

In Figure 16, a curve 321 represents the voltage
dependence of the reflectance of the reflection display
section 9 versus a voltage across the electrodes 6 and 7,
and a.curve 322 represents the voltage dependence of the

transmittance of the transmission display section 10

versus a voltage across the electrodes 6 and 7 in the
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liquid crystal display assembled in Example 9.

Figure 16 reveals that, in Example 9, while the
applied voltage is in a range between 1.2V end 3V, the
transmittance increases with an increasing applied
voltage. On the other hand, when the applied voltage is
in a range between 0.9 and 1.7V, the reflectance
decreasee wi;h an increasing applied voltage, and then
increases with an increasing applied voltage. That is,
when the applied voltage is 1.2V, the reflectance of the
reflection display section 9 and the transmittance of the
transmission display section 10 are 7% and 32%,
respectively, and when the applied voltage is increased
to 1.7V, the reflectance Aof the reflection display
section 9 decreases to 3%, and when the applied voltage
is further increased to 3V, both the reflectance of the
reflection display section 9 and the transmittance of the
transmission display section 10 increase to 37% and 36%,
respectively.

The above Examples and Comparative Examples
discussed a liquid crystal display exploiting the change
in the polarization state caused by the polarization
eonverting function of the liquid crystal layer 1, such
as retardation and optical rotatory ©polarization,
provided with the polarization plates 14 and 15, and

having equal thicknesses of the liquid crystal layer 1 in
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the reflection display section 9 and transmission display
section 10. In this case, when the same voltage is
applied to the respective electrodes 7 of the reflection
display section 9 and transmission display 10 (when the
reflection display section 9 and transmission display
section 10 are driven by the same voltage), if, as in
Example 7 and Comparative_Examples 3 through'S, a voltage
which can attain satisfactory brightness and contrast
ratio for the light display in the reflection display
section 9 is applied, the brightness and contrast ratio
for the light display in the transmission display section
10 are not satisfactory, and if, as in Example 7 and
Comparative Examples 3 through 5, a voltage which can
attain satisfactory brightness aﬁd contrast ratio for the
light display in the transmission display section 10 is
applied, the brightness in the reflection display section
9 and the brightness in the transmission display section
10 do not change in the same manner, thereby making
satisfactory display impossible.

However, the liquid crystal displays of Examples 7
through 9 can solve the above problem and show
satisfactory display by applying different voltages to
the respective electrodes 7 in the reflection display
section 9 and transmission display section 10 (by driving

the reflection display section 9 and transmission display
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section 10 using different respective voltages) .

In other words, any of the liquid crystal displays
of Examples 7 through 9 «can attain satisfactory
.brightness and contrast ratio for the light display both
in the reflection display section 9 and transmission:
display section 10 by applying different respective
voltages to the electrode.7 of the transmission display
section 10 and the electrode 7 of the reflection display
section 9. At the same time, the reflection display
section 9 ‘and transmission display section 10 can show
the same display state, that is, .either the light or dark
display, thereby realizing the display with excellent
visibility.

It is understood from the comparison of the present
embodiment and émbodiment 2 that it is effective to make
the liquid crystal layer 1 thicker in the transmission
display section 10 than in the reflection display section
9 to attain the satisfactory brightness and contrast
ratio for the 1light display both in the reflection
display section 9 and transmission display section 10 of
the 1liquid crystal display wusing the polarization
converting function, such as the retardation and optical
rotatory polarization of the liquid crystal layer 1, with
the use of the polarization plates 14 and 15.

In the liquid crystal display mode adopted in each
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example of the present embodiment and Embodiment 2, the
director configuration. of the liquid crystal when no
voltage 1is applied is parallel to the plane surface
direction of the display surface. It should be
appreciated that, however, other modes, such as vertical
alignment mode and hybrid alignment mode, are also
applicable by using the liquid crystal materials of
different kinds from those disclosed in the above
examples or using the alignment film having different
properties from those of the alignment film disclosed
above.

Further, it should be appreciated that satisfactory
optical characteristics can be attained by the present
invention using any liquid crystal display mode which
exploits the retardation or optical rotatory polarization
of the liquid crystal layer 1, provided that, in the
display mode used, the thickness of the liquid crystal
layer affects the optical characteristics, and that a
liquid crystal layer thickness which is thinner in the
reflection display section 9 than in the transmission
display section 10 is suitable for the display mode used.

Furthermore, it is wunderstood that the liguid
crystal displays of Examples 4 and 7 through 9 can show
the satisfactory display when supplied with'different

voltages to the reflection display section 9 and
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transmission display section 10 by mweans of the
electrodes 6 and 7 (alignment mechanism). 1In this case,
the liquid crystal displays of Examples 4 and 7 can show
satisfactory display when a sufficiently high voltage is
applied to the transmission display section 10. Also,
the liquid crystal displays of Examples 8 and 9 can show
satisfactory. display’ by adjusting the voltage at the
reflection display section 9. Thus, according to the
present embodiment and Embodiment 2, satisfactory display
can be shown by producing the liquid crystal cell
beforehand in such a manner that different voltages can
be applied to the reflection display sectibn 9 and
transmission display section 10, besides by changing the
‘thickness of the liquid crystal layer in the reflection

display section 9 and transmission display section 10.

Embodiment 4

Explained in the present embodiment is a liquid
crystal display which can realize satisfactory reflection
display and transmission display by providing different
director configurations of the 1liquid crystal in the
reflection display section and transmission display
section by changing the alignment treatment orientation
(rubbing orientation) on the substrate, which is a factor

that determines the director configuration of the liquid
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crystal, that is, the alignment treatment orientation of
the alignment film provided to each electrode substrate
in the reflection display section and transmission
display section.

In the present embodiment, a so-called rubbing
method is adopted to align the liquid crystal layer
uniformly. In the present embodiment, at least two
different director configurations of the liquid crystal
can be realized by covering the surface of the alignment
film with the photoresist or the like before subjecting
the alignment film to the rubbing treatment, so that the
alignment film provided to each electrode substrate can
be given different respective alignment treatment
orientations in the reflection display section and
transmission display section. According to the above
method, the director configuration of the liquid crystal
suitable for the reflection display and the director
éonfiguration. of the liquid. crystal suitable for the
transmission display can be realized at the same time,
thereby realizing satisfactory reflectioﬁ display and
transmission display.

In the rfollowing, the liquid crystal display of the
present embodiment will be explained in detail, and
hereinafter, 1like components are labeled with like

reference numerals with respect to Embodiments 1 through
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3, and, for ease of explanation, the description of these

components is not repeated here.

In the first place, the process of alignment
treatment of the substrate (electrode substrate 40) used
in the liquid crystal display of the present embodiment
will be explained with reference to Figures 17 and 18 (a)
through 18 (e) .

As shown in Figure 18(a), an alignment film material
is applied over a substrate 41 (equivalent to the
substrate 4 on which is formed the electrode 6 or the
substrate 5 on which are formed the electrodes 7) of the
liquid crystal cell on the surface thereof touching the
liquid crystal layer 1 (S1). Then, the alignment fiim
material is pre-baked (S2) and cured (S3), whéreby an
élignment £ilm 42 (equivalent to the alignment film 2 or
3) is formed over the substrate 41 on the surface thereof
touching the liquid crystal layer 1.

Then, the alignment film 42 is subjected to the
rubbing treatment, and as a consequence, the alignment
treatment is applied to the electrode substrate 40 which
includes the alignment film 42 at the interface with the

v

trate 43i. Here, 1n the

Hh

liquid crystal layer 1 of the sub

w

present embodiment, as shown in Figure 18(b), screening
is carried out by a screen resist 43 for the rubbing

treatment, so that the rubbing treatment is applied
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partially. In this case, a resist material for the
screen for the rubbing treatment is applied over the
alignment film 42 (S4). Then, the resist material is
pre-baked (S5), exposed to UV rays with masking to expose
portions (first alignment treatment regions 42a) of the
alignment film 42 (S6), developed (S7), and cured (ss8),
after_which_the rubbing trea;megt is‘applied to the first
alignment treatment regions 42a (59). Then, after the
rubbing treated electrode sﬁbstrate 40 is cleaned (S10),
the resist 43 is removed as shown in Figure 18(c) (S11).

Subsequently, to realize an director configuration
of the 1liquid crystal different from the director
Aconfiguration of "the 1liquid crystal on the first
alignment treatment regions 42a, as shown in Figure
18(d), rubbed poftions (first alignment treatment regions
42a) are protected by a screen resist 44 for the rubbing
treatment, and the rubbing treatment is applied to
portions which have not been rubbed. To be more
specific, a resist material of the screen for the rubbing
treatment is applied over the alignment film 42 from
which the resist 43 was removed (S12). Then, the resist
material is pre-baked (S$13), exposed to UV rays with
masking in such a manner that portions (second alignment
Ereatment regions 42b) other than the first alignment

treatment regions 42a on the alignment film 42 are
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exposed (S14), developed (S15), and cured (sS16) .
Subsequently, the second alignment treatment regions 42b
are subjected to the rubbing treatment in such a manner
that the treatment orientations are different in the

first and second alignment treatment regions 42a and 42b

(s17) . Then, after the rubbing treated electrode
substrate‘40 is cleaned (S18) , the resist 44 is removed
as shown in Figure 18(e) (S19). . Consequently, the

alignment film 42 (alignment mechanism), to which the
alignment treatment has been applied twice in different
orientations, is obtained.

As has been explained, in the pPresent embodiment,
the alignment treatment is applied at least twice with
the patterning by means of the resist. Here, at least
two different airector configurations of the liquid
crystal (for example, various kinds of planer alignments
having their respective aligning directions) can be
.obtained by. changing the treatment orientation for each:
alignment treatment (in the above explanation, the
alignment treatment is effected in two different
orientations by applying the alignment treatment twice) .
If the alignment treatment orientacion is changed on at
least one of the substrates (electrode substrates) in the
above manner, the alignments are provided to the

reflection display section 9 and transmission display
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section 10 independently, thereby making it possible to
realize satisfactory display.

Next,. a liquid crystal display having different
director configurations of the 1liquid crystal in the
reflection display section 9 and transmission display
section 10 and using the poiarization plates 14 and 15
will be explained-by way of examples for purposes of
explanation only,.withoﬁt any intention as a definition

of the limits of the invention.

(Example 10)

In the present example, a>1iqgid'crystal display is
assembled in the same manner as Comparative Example 5.
To be more specific, a liquid crystal cell for filling ,
including the liéuid crystal layexr having a thickness (d4)
(cell gap) of 4.5um both in the reflection display
section 9 and transmission display section 10, is
produced in the same manner as Example 1 except that the
insulation film 11 made of the insulation photosensitive
resin is not formed on the substrate 5, and that, as
shown in Figure 4, the electrode pattern is formed in
such & wanner that the electrode 7 of the reflection
display section 9 and the electrode 7 of the transmission

display section 10 are electrically isolated, so that a

voltage is applied to each separately from outside the
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liquid crystal cell. Then, the phase difference
compensation plates 16 and 17 and polarization plates 14
and 15 are laminated to the outside of the respective
electrode substrates of the above liquid crystal cell.
Here{ each of the phase difference compensation plates 16
and 17 is composed of two phase difference compensation
plates..

In the present example, the alignment film 3 is
subjected to the rubbing treatment in different
orientations in the same manner as shown in Figures 17
and lBKa) through 18 (e). To be moré specific, in the
present example, the alignment film 2 on the substrate 4
side is rubbed in the same orientation both in the
reflection display section 9 and transmission display
section 10, ‘whereas - the alignment film 3 (alignment
mechanism) on the substrate 5§ side is rubbed in such a
manner the alignment orientations of the liquid crystal
are different in the reflection display section 9 and
transmission display section 10.

In the presént example, the reflection display
section 9 adopts a liquid crystal display mode, in which
the liguid crystal is aligned in parallel with the
display surface (parallel to.the substrates 4 and 5) with
a twist, and the transmission display section 10 adopts

a liquid crystal display mode, in which the liquid
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crystal is aligned in parallel with the display surface
(parallel to the substrates 4 and 5) without twist.

Also, in the present example, the liquid crystal
display is assembled in such a manner that, in the
reflection display section 9, an-d of the liquid crystal
layer 1 is approximately 270nm and the angle of twist of
the director configuration»of the liquid crystal (twist
angle)} is §0°, and in the transmission display section
10, 46n-d of the liquid crystal layer 1 is approximately
270nm and the angle of tgist of the liquid crystal (twist
angle) is 0°. Thus, fhe liquid crystal display assembled
in the above manner can show satisfactory display both in
the reflection display section 9 and transmission display
section 10 while having the 1liquid crystal layer 1
provided contiﬁuously across the reflection display
section 9 and transmission display section 10 without
changing the cell gap.

The optical of the polarization plates 14 and 15,
. phase difference compensation plates 16 and 17, and the
liquid crystal layer 1 (that 1is, the lamination
orientation of the polarization platés 14 and 15, and
phase difference compeansation plates 16 and 17, and the
‘alignment orientation of the 1liquid crystal) in the
reflection display section 9 and transmission display

section 10 in the liquid crystal display of the present
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example is set forth in Table 5 below for ready
comparison with reference to a common orientation.

The optical shown in Table 5 is the position of each
optical element on the display surface when the.viewer
observes the display surface, and when the phase
difference compensation plate 16 or 17 is composed of
more than one phase differgnce compensation plate, each’
phase difference compensation plate forming the phase
difference compensation plate 16 or 17 is set forth in
accordance with the actual position from the viewer’s
side. Also, in Table 5, each orientation is expressed in
degrees from the reference orientation set arbitrarily on
the display surface, and the retardation of each phase
difference compensation plate is expressed in nm with

respect to a beam of monochrome light having the

wavelength of 550nm.



-159-

Table 5
EXAMPLE 10
SEC.9 | SEC.10
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0
SLOW AXIS ORIENTATION (°) 15
PLATE | PLATE -
6 RETARDATION (nm) 270
SLOW AXIS ORIENTATION (°) 75
PLATE
RETARDATION (nm) , 135
SUBSTRATE 4 S .15 | -1s

ALIGNMENT ORIENTATICN (°)

LC LAYER 1

SUBSTRATE S . 55 ~-15
ALIGNMENT ORIENTATION(®°)
SLOW AXIS ORIENTATION (°) -15
PLATE
. PLATE RETARDATION (nm) 115
17 SLOW AXIS ORIENTATION (°) -75
PLATE
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 90
SEC.9: SECTION 9 SEC.10: SECTION 10

PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES
Next, the operation of each optical element in the
present embodiment will be explained in the following.
First, a case where no voltage is applied to the
ligquid crystal layer 1 will be explained. 1In this case,
the liquid crystal in the liquid crystal layer 1 is
aligned along the alignment of the interface of the
substrate touching the liquid crystal layer 1, that is,
the alignment treatment orientation of the alignment

films 2 and 3 provided on their regpective electrode



-160-
substrates. For example, when the chiral dopant is not
added to the liquid crystal composition in the liquid
crystal display of Example 10, the liquid crystal is
twisted 70° to the left in the reflection display section
9, and 0°, that is, not twisted, in the transmission
display section 10.

For this  reason, if no voltage is applied to the
liqﬁid crystal layer 1, given 270nm as An-d of the liquid
crystal layer 1, circularly polarized light entering the
liquid crystal layer 1 is converted to linéarly polarized
light before it exits from the reflection display section
9. Thus, light entering the liquid crystal layer 1 from
the polérization plate 14 side is converted to circularly
polarized light by the phase different compensation plate
16, then convefted'to linearly polarized light by the
liquid crystal 1layer 1, which exits from the liquid
crystal layer 1 and reaches the reflection film 8. If
the linearly polarized ~light is  reflected by the
reflection film 8, the reflected light is converted again
into the transmission components of the polarization
plate 14. Consequently, in the above liquid crystal
display, the reflection display section $ shows light
display when no voltage is applied to the liquid crystal
layer 1.

On the other hand, if no voltage is applied to the
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liquid layer 1, given 250nm-270nm as aAn-d of the liquid
crystal layer 1, the liquid crystal layer 1 functions as
the 1/2 wavelength plate in the transmission display
section 10. To be more specific, circularly polarized
light entering the liquid crystal layer 1 is converted to
another circularly polarized light that is orthogonal to
the incident circularly polarized light at right angles.
For example, if the incident circdlarly polarized light
is 1right, then it is converted to left circularly
polarized light, énd if the incident circularly polarized
is left, then it is converted to right circularly
polarized light. In the transmission display section 10,
the incident light passes through the polarization plate
15, and enters the liquid crystal layer 1 after it is
converted to circularly polarized light by the phase
difference compensation plate 17. In Example 10,
substantially left circularly polarized light enters the
liquid crystal layer 1 from the phase difference
compensation plate 17, and is converted to right
circularly polarized 1light. Here, right circularly
polarized light is converted to linearly polarized light
along the transmission axis direction of the'polarization
plate 14 by the phase difference compensation plate 16,
while left circularly polarized light is converted to

linearly polarized 1light along the absorption axis
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direction of the polarization plate 14. Thus, the
transmission display section 10 of the above liquid
crystal display shows light display wﬁen no voltage is
applied to the liquid crystal layer 1.

Next, a case where a voltage is applied to the
liquid crystal layer 1 will be explained. While a
voltége is applied to the 1iquid crystal layer 1, the.
liquid crystal in the liquid crystal layer 1 is aligned
perpendicular to the substrates 4 and 5 in response to
the applied voltage in both the reflection display
section 9 and transmission display section 10, whereby
the above polarization converting function becones less
effective. In other words, thé incident circularly
polarized light from the phase differénce compensation
plates 16 and 15 passes through_the liquid crystal layer
1 directly. Consequeﬁtly, both the reflection display
section 9 and transmission display section 10 show the
dark display.

In Example 10, the phase difference compensation
plate 17 is composed of a phase difference compensation
plate having the retardation of 115nm. It is preferable
that the phase difference compensation plate 17 has the
retardation of about 135nm to realize satisfactory
circularly polarized 1light by the phase difference

compensation plate 17 alone. However, the retardation of
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the liquid crystal layer 1 in the transmission display
section 10 is not los; completely at a practical voltage
level, and in consideration of this fact, the retardation
of the phase difference compensation plate 17 is set in
such a manner as to obtain satisfactory contrast.

The phase difference compensation plate 16 is
furnished with a. function of converting-light entering
the liquid crystal layer 1 in the refiection display
section 9 into circularly polarized 1light with a
wavelength in a broad range. 1In the above liquid crystal
display, the liquid crystal layer 1 in the reflection
display section 9 is twisted 70°, and An-d thereof is set
to 270nm. Thus, circularly polarized light enters the
liquid crystal layer 1 in the reflection display section
9, and is conve?ted to linearly-polarizéd light by the
liquid crystal layer 1 while it passes through the same
and reaches the reflection‘film 8. Then, the linearly
pclarized light having reached the reflection film 8 is
reflected on the mirror surface thereof, and passes
through each optical element in the revgrsed order.
Consequently, the reflected 1light is converted to
linearly polarized light having an oscillating electric
field along the transmission axis orientation of the
polarization plate 14. Hence, the reflection display

section 9 shows the light display.
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Here, the liquid crystal composition used herein is
blended with the chiral dopant for imparting a natural
twist to the left to the director configuration of the
liquid crystal. The chiral dopant changes the natural
helical pitch of the liquid crystalbcomposition depending
on its concentration in the liquid crystal composition.
Thus,vby exploiting the fact that the lowest voltage at
which-the director configurationAof the liquid crystal
starts to change varies with the helical pitch, the
voltage dependenéies of the brightness in the reflection
display section 9 and transmission display section 10 can
be matched if the helical pitch is adjusted adequately..

The display characteristics of the liquid crystal
display éf Example 10 assembled in the ébove mannef are
graphed in Figure 19. The display characteristics of
Figure 19 were measured in the same manner as Example 1,
and in the drawing, the horizontal axis represents a root
mean square value oflthe applied voltage and the vertical
axis represents the brightness (reflectance or

transmittance) .

In Figure 19, a curve 331 indicates the voltage

dependence of the reflechance of the reflection displavy
& Z

section 9, and a curve 332 indicates the voltage
dependence of the transmittance of the transmission

display section 10 in the 1liquid crystal display of
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Example 10.

As can be understood from Figure 19, the liquid
crystal display of Example 10 shows the light display
when no voltage is applied, and it can realize the
display in the so-called normally white (NW) mode, in
which both the reflectance and transmittance decrease
with an increasing applied voltage. | In the present
liquid crystal display, not only can the contrast ratio
be set to substantially the same value in the reflection
display section 9 and transmission display section 10,
but also the rsflection display section 9 and
transmission display section 10 can show either the dark
or light display simultaneously, thereby realizing the
display with excellent visibility.

As has besn explained, setting different twist
angles of the liquid crystal layer 1 in the reflection
display section 9 and transmission display section 10 as
the means for changing the director configuration of the
liquid crystal in the reflection display section 9 and
transmission display section 10 is effective to realize
satisfactory display both in the reflection display
section $ and transmission display section 10.

In Example 10, to change the twist angle of the
liquid crystal layer 1 in the reflecting display section

9 and transmission display section 10, the rubbing
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treatment is applied in different orientations in the
reflecting display section 9 and transmission display
section 10, so that the director configuration of the
liquid crystal layer 1 is twisted in the reflection
display séction 9 but not in the transmission display
section 10. However, means for changing.the twist angle
of the liquid crystal layer 1 in‘the reflection display‘
section 9 and transmission dispiay section 10 is not
especially limited.

For example, besides the above combination, the
following combinations are applicable: (1) the director
configuration of the liquid crystal layer 1 is twisted in
both the reflecting display section 9 and transmission
display section 10, but the twist angles or the
orientations of‘the twist are different; (2) the director
configuration of the liquid crystal layer 1 is twisted in
the transmission display section 10 but not in the
reflection display seétion 9; (3) the tilts (so-called
pre-tilts) of the liquid crystal with respect to the
substrates 4 and S5 are different in the reflection
display section 9 and transmission display section 10;
(4) the change of the director configuration of the
liquid crystal at the substrate interface is combined
with other means of the present invention; (5) different

cell gaps are provided to the reflection display section
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9 and transmission display section 10; and (6) different
electric fields are generated in the reflection display

section 9 and transmission display section 10.

Embodiment 5

In each example of Embodiments 2 through 4, the
arrangement for realizing satisfactory reflection_display
and transmission display én the liquid crystal display
using the liquid crystal aligned in parallel with the
substrates was explained. In the present embodiment, a
liquid crystal display whose alignment orientation of the
liquid crystal is perpendicular to the substrates, like:
the one in Example 1 of Embodiment 1, will be explained.
Note that, however, the dichroic dye is not blended in
the liquid cryséal layer, and the liquid crystal display
is designed in such a manner as to show the display using
the polarization plate while exploiting the birefringence
or optical rotatory polarization (polarization converting
function) of the 1liquid crystal. Hereinafter, 1like
components are labeled with like reference numerais with
respect to Embodiments 1 through 4, and, for ease of
explanation, the description of these components is not
repeated here.

In the 1liquid crystal display of the present

embodiment, liquid crystal having negative dielectric
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constant anisotropy is used in the liquid crystal layer
1. Also, vertical aligning alignment films are used for
the alignment films 2 and 3 for sandwiching‘the liquid
crystal layer 1. In this case, the 1liquid crystal
molecules are aligned sﬁﬁstantially perpendicular to the
substrates 4 and 5 (display surface) when no voltage is
applied to the liquid crystal layer 1, and start to tilt
from the normal directioﬁ éfAthe substrates 4 and S upon
application of the veoltage, thereby effecting the
polarizationvconverting function to the light passing
through the 1liquid crystal layer 1 in the normal
direction thereof.

The difference between the liquid crystal display of
the presént embodiment and the counterpart using the
alignment films 2 and 3 that align the liquid crystal in
parallel with the substrates is that, in -the liquid
crystal display of the present embodiment, the liquid
crystal is aligned in the normal direction of the
substrates 4 and 5, up to and including a layer at the
interface between the 1liquid crystal 1layer 1 and
electrode substrate, even»without applying a voltage. To.
exploit these characteristics effectively, the NB
(Normally Black) wmode, in which the black display ‘is
shown when no voltage is applied, is used for the liquid

crystal display of the present embodiment. To be more
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specific, the display is shown in the reflection display
section 9 by allowing circularly polarized light to go
into the ligquid crystal layer 1. In the transmission
display section 10, circularly polarized light is also
allowed to go into the 1liquid crystal layer -1.
Circularly polarized 1light is also used in the
transmission display section »lO -because - the ~ phase
difference compensation plate 16 (which is also used in
reflection display) affects the polarization of the light
exiting the liquid crystal layer 1, and in consideration
of the fact that, in order to use electrically connected
electrodes to drive the liquid crystal layer 1 in both
the reflection display section 9 and transﬁission.display
section 10, and in order to realize dark display in both
sections simultaneously, the liquid crystal layer 1 is
aligned perpendicular to the substrates 4 and S in the
tranémission display section as well. Thus, with a
combination of the polarization plates 14 and 15 and
phase difference compensation plates 16 and 17, of all
the phase difference compensation plates forming the
phase difference compensation plate 17, the retardation
of the cne closest to the liguid crystal layer 1 is set
to 135nm. Consequently, the liquid crystal display of
the present embodiment can realize satisfactory NB

display.
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Next, the setting of the liquid crystal layer 1 so
as to realize satisfactory light display in the above
combination of the polarization plates 14 and 15 and the
phase difference compensation plates 16 and 17 will be
explained.

As has been described above, in the present
embodiment, the. director .configuration of the 1liquid
cfystal layer 1 starts to tilt from the normal direction
of the substrates 4 and 5 upon voltage application.
While the voltage is fully applied to the liquid crystal
layer 1, it is preferable that the liquid crystal layer
1 functions to convert the circularly polarized light to
the linearly polarized light in the reflection display
section 9, and to convert the circularly polarized light
to another ciréularly polarized light rotating in the
reverse direction in the transmission display section 10.
When the 1liquid crystal layer 1 effects the above
converting function, satisfactory light display can be
realized.

To allow the liquid crystal layer 1 to effect the
above converting function, for example, it is preferable
that the alignment treatment is applied to the alignment
films 2 and 3 in such a manner not to twist the liquid
crystal, and that no chiral dopant is added to the liquid

crystal composition. To be more specific, it is



-171-

preferable that, when A means the wavelength of incident
light, retardation of the liquid crystal layer varies by
A/4 in the reflection display section 9 and by A/2 in the
transmission display section 10 upon voltage application.

In case that the thicknesses of the liquid crystal
layer 1 are different in the refecﬁion display section 9
and transmission display sectiop 10, the liquid crystal -
layer 1 can be readily set in the above-described manner
to effect the above converting function.

In the following, the liquid crystal display of the
present embodiment will be explained by way of examples
for purposes of explanation only, without any intention

as a definition of the limits of the invention.

(Example 11)

In the present example, a liquid érystal cell for
filling having different thicknesses of the 1liquid
crystal layer in the reflection display section 9 and
transmission display section 10 is produced in the same
manner as Example 1. Here, vertical aligning alignment
films which align the liquid crystal perpendicular to the
substrates 4 and 5 are used as the alignment films 2 and
3. The alignment treatment is applied to the alignment
films 2 and 3 by means of rubbing, so that the liquid

crystal is aligned slightly tilted with respect to the
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normal orientation (perpendicular direction) of the
substrates 4 and 5.

Note that, however, the thicknesses (d) of the
liquid crystal layer are set to 3um and 6um in the
reflection display section 9 and transmission display
section 10, respectively, and the liquid crystal layer 1
is made from a liquid crystal material, that is, liquid
crystal havihg a difference bf refréctive index (An) éf
0.06 and negative dielectric constant anisotropy. Then,
the liquid crystal display is assembled by laminating the
phase difference compensation plates 16 and 17 and the
polarization plates 14 and 15 to the outside of the
respective electrode substrates of the above 1liquid
crystal cell. Herein, each of the phase difference
compénsation plétes 16 and 17 is composed of two phase
difference cémpensation plates.

The optical of the polarization plates 14 and 15,
" phase difference compensation plates 16 and 17, and the
liquid crystal 1layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the liquid crystal) in the
reflection display section 9 and transmission display
section 10 in the liquid crystal display of the present

example 1is set forth in Table 6 below for ready
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comparison with reference to a common orientation.

The optical shown in Table 6 is the position of each
optical element on the display surface when the viewer
observes the display surface, and when the phase
difference compensation plate 16 or 17 is composed of
more than one phase difference compensation plate, each
phase dlfference compensation plate forming the phase
dlfference compensatlon plate 16 or 17 is set forth in
accordance with the actual position from the viewer’s
side. Also, in Table 6, each direction is expressed in
degrees from the reference direction set arbitrarily on
the display surface, and the retardation of each phase
difference compensation plate is expressed in nm with
respect to a beam of monochrome 1light having the

wavelength of 550nm.
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Table 6
EXAMPLE 11
SEC.9 | SEC.10
PLATE 14 TRANSMISSION AXIS ORTENTATION (°) 0
SLOW AXIS ORIENTATION (°) 15
PLATE | PLATE
16 RETARDATION (nm) 270
SLOW AXIS ORIENTATION (°) 75
PLATE
RETARDATION (nm) _ 135
SUBSTRATE 4 ' -15 - -15
LC LAYER 1 ALIGNMENT ORIENTATION (°)
SUBSTRATE 5 , -15 -15
ALIGNMENT ORIENTATION (°)
SLOW AXIS ORIENTATION (°) - -15
PLATE :
PLATE RETARDATION (nm) 135
17 SLOW AXIS ORIENTATION (°) -75
PLATE
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 90
SEC.9: SECTION 9 SEC.10: SECTION 10

PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

The display characteristics of the liquid crystal
display of Example 11 assembled in the above manner are
graﬁhed in Figure 20. The display characterisﬁics of
Figure 20'were measured in the same manner as Example 1,
and in the drawing, the horizontal axis fepresgnts a root
mean square value of the applied voltage and the vertical
axis represents the brightness (reflectance or

transmittance) .

In Figure 20, a curve 341 indicates the voltage
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dependence of the reflectance of the reflection display
section 9, and a curve 342 indicates the voltage
dependence of the transmittance of the transmission
display section 10 in the liquid crystal display of
Example 11.

As can be understood from Figure 20, the liquid
crystal display of Example 11 shows the dark display when
no Qolﬁage is applied, and it can realizé the display in
the so-called normally black (NB) mode, in which the
reflectance and transmittance increase with an increasing
applied voltage. In the present liquid crystal display,
not only can the contrast ratio be set to substantially
the same value in the reflection display section»9 and
transmission display section 10, but.also the reflection
_display section 9 and transmission display section 10
show either the dark or light display simultaneously,
thereby realizing the display with”excellent visibility.

As has been explained, according to the Present
embodiment, it is confirmed that a liquid crystal display
of the transflective type can show satisfactory display
both in the reflection display section 9 and transmission
display section 10, if alignment means (vertical aligning
alignment film) that aligns the liquid cryétal
perpendicular to the substrate surface touching the

liquid crystal (liquid crystal layer 1) is provided to at
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least one of the reflection display section 9 and
transmission display section 10 in the liquid crystal
display of the present invention, in which different
director configurations of the 1liquid crystal are
realized in the reflection display section 9 and

transmission display section 10 simultaneously.

Embodiment 6

Explained in the present embodiment is a 1liquid
crystal display which shows the display by changing the
alignment orientation of the liquid crystal in response
to a varying voltage while keeping the director
configuration of the liquid crystal in parallel with the
display :surface (substrate) in at 1least one of the
reflecting display section 9 and transmission display
section 10. In other words, in the 1liquid crystal
display of the present embodiment, the liquid crystal
molecules start to rotate in parallel with the display
surface (substrate) upon voltage application in at least
one of the reflection display section and transmission
display section.

In the following, the liquid crystal display of the
present embodiment will be explained by way of examples
for purposes of explanation only, without any intention

as a definition of the 1limits of the invention.
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Hereinafter, 1like components are labeled with 1like
a
reference numerals with respect to Embodiments 1 through

5, and, for ease of explanation, the description of these

components is not repeated here.

(Example 12)

Explained in the present example with reference to.
Figures 21(a) and 21(b) 1is a 1liquid crystal display
furnished with an optical switching function, in which
the liquid crystal molecules are rotated in parallel with
the sﬁbstrate by means of a transverse electric field (in
the in—plaﬁe direction with respect to the substrate), by
adopting the IPS (In-plane Switching) mode, which is used
to increase viewing angle characteristics in 1liquid
crystal -displays of the transmission type, to érliquid
crystal display of the transflective type.

Conventionally, the IPS mode has been used for
liquid crystal displays of the transmission type.
However, since the director configuration of the liquid
crystal is not changed sufficiently for the transmission
display on the comb-shaped electrode used in the IPS
mode, the director configuration of the liguid crystal on
the comb-shaped electrode does not contribute to the
display, thereby failing to realize satisfactory display.

In the present example, however, regions on the comb-
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shaped line, which could not be used in the conventional
IPS system, are used to realize the reflection display,
thereby making it possible to provide a liquid crystal
display of the transflective type with high 1light
efficiency.

Figure 21(a) is a cross section of a major portion
. of the liquid crystal display of the present example when
no voltage> is applied, and AFiguré. 21(b) is a cross
section of the major portion of the liquid crystal
display of Figure 21 (a) when a voltage is applied. Both
of Figures 21(a) and 21(b) are the cross sections when
the liquid crystal cell of the present liquid crystal
display is «cut at a bplane perpendicular to the
orientation along which the electrode line (terminal) of
the comb-shaped electrode provided in the liquid crystal
cell extends.

In the liquid crystal display shown in Figures 21 (a)
~and 21(b), the liquid crystal layer 1 is sandwiched by a
light transmitting substrate 51 and a substrate 54, which
is given light reflecting properties by being provided
with a light reflecting comb-shaped electrode 53 (display
content overwriting means, voltage applying means,
alignment mechanism) . VFurther, the phase difference
compensation plate 16 and polarization plate 14 are

provided to the outside of the substrate S1 (the opposite
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side from the surface facing the substrate 54), and the
phase difference compensation plate 17 and polarization
plate 15 are provided to the outside of the substrate 54
(the opposite side from the surface facing the substrate
51) . Herein, the phase difference compensation plate 16
is - composed of a single phase difference compensation
plate 16f‘and the phase difference compensation plate 17
is composéd of th phase difference éompensation plates.

The liquid crystal display of the present example is
also arranged in the following manner. That is, on the
substrate 54 (electrode substrate), one of the pair of
substrates sandwiching the liquid crYstal layer 1, an
insulation film 11 (alignment mechanism) is patterned on
a glass substrate S2 by spin-coating an insulation photo-
sensitive resin, irradiating the UV rays with maéking, so
as to leave no photo-sensitive resin in the transmission
diéplay section 10, while forming a layexr of the photo-
sensitive resin of a predetermined thickness in the
reflection display section 9. Consequently, the liquid
crystal layer 1 is made thinner in the transmission
display section 10 than in the reflection display section
9.

In the 1liquid crystal display of the present
example, the light reflecting comb-shaped electrode 53

(alignment mechanism) is formed on the glass substrate 52
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to cover the insulation f£ilm 11. The éomb—shaped
electrode 53 is a reflective pixel electrode serving both
as the liquid crystal driving electrode for driving the
liquid crystal layer 1 and the reflection film
(reflecting means), énd it is made of metal having high
light reflectance.

In the present liquid crystal display, the director
configuratioﬁ of liquid ciystal moleéules la is changea
by the electric field applied thereon by the comb-shaped
electrode 53 in the transmission display section 10. In
the reflection display section 9, the 1liquid crystal
layer 1 is driven by the electric field generated by the
comb-shaped electrode 53, and the reflécting function of
the comb;shaped electrode 53 is used for the display.
| In the present example, the line of the comb-shaped
electrode 53 is used as the reflecting means. However,
projections and depressions may be provided to the
surface thereof, or a 1light scattering film méy be
additionally formed on a region opposing the comb-shaped
électrode 53 at the outside of the glass substrate 51 to
confer light scattering properties to the comb-shaped
electrode 53.

In the liquid crystal display of Figures 21(a) and
21 (b), different potentials are given to the adjacent

comb-shaped electrodes S53a and 53b, whereby an electric
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field develops between the comb-shaped electrodes 53a and
53b. As shown in Figure 21(b), the transmission display
section 10 corresponds to a space between the comb-shaped
electrodes 53a and 53b, and the director configuration of
the liquid crystal at this particular portion is changed
drastically by the pair of comb-shaped electrodes (comb-
shaped electrodes 53a and ©53b). while _keeping its
ofiéntationAih pafallel with the glass substrate 52..'In
additfgn, the reflection display section 9 corresponds to
a portion directly above the comb-shaped electrode 53
(comb-shaped electrodes 53a and 53b). In this pérticular
portion, the director configuration of the liquid crystal
display changes not only in the orientation along ;he
plane of-the glass substrate 52, but also the orientationn
perpendicular to the glass substrate 52. This is
because, as shown in Figure 21(b), the lines of electric
force (indicated by bréken lines in the drawing) extend
substantially in parallel with the.glass substrate 52 in
the transmission display section 10, while in the
reflection display section 9, the lines of electric force
have components which are pefpendicular to the glass
substrate 52.

The optical of the polarization plates 14 and 15,

phase difference compensation plates 16 and 17, and the

liquid crystal 1layer 1 (that is, the lamination
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orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the 1liquid crystal) in the
reflection display section 9 and transmission display
section 10 in the liquid crystal display of the present
example is set forth -in Table 7 below for ready
comparison with reference to a common orientation.

The>optical shown in fable 7.is the position of eacﬁ
optical element on the display surface when the viewer
observes the display surface, and each phase difference
compensatidn plate forming the phase difference
compensation plate 17 is set forﬁh in accordance with the
actual position from the viewer’s side.

The'directMMj df director of the 1liquid crystal
layer 1 (the alignment orientation of the major axis of
the liquid crystal molecules 1la) on the substrate 51 side
is identical with the orientation of the rubbing
treatment applied to -the surface thereof, and the 
alignment orientation on the substrate 54 side is
identical with the orientation of the rubbing treatment
applied to the surface thereof. Hereinafter, the
alignment.orientation of the liquid crystal laver 1 on
the substrate 51 side is referred to as the substrate 51
alignment orientation, and the direction of director of

the liquid crystal layer 1 on the substrate 54 side is
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referred to as the substrate 54 alignment orientation.

In Table 7 below, each orientation is expressed in
degrees from the reference orientation set arbitrarily on
the display surface, and the retardation of each phase
difference compensation plate is expressed in nm with
respect to a beam of monochrome 1light having the
wavelength of 550nm.

Heré,Athe difection, alohé which the electfode line
(terminal) of the comb-shaped electrode 53 extends, forms
an angle of 65° with respect to the reference
orientation, and the director configuration of the liquid
crystal molecules la initially aligned at an angle of 75°
both in the reflection display section 9 and transmission
display SéCtion 10 is re-aligned at a greater angle. In
addition, in the present liquid crystal display, An-d of
the liquid crystal layer 1 is set to about 130nm in the
reflection display section 9 and about 240nm in the

transmission display section 10.
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Table 7
EXAMPLE 12
SEC.9 | SEC.10
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0
SLOW AXIS ORIENTATION (°) 15
PLATE | PLATE
16 RETARDATION (nm) 270
SUBSTRATE 51 75 75
LC LAYER 1 ALIGNMENT ORIENTATION (°)
SUBSTRATE 54 ' : "5 75
ALIGNMENT ORIENTATION (°)
SLOW AXIS ORIENTATION (°) -15
PLATE
PLATE RETARDATION {(nm) 240
17 SLOW AXIS CRIENTATION (°) -75
PLATE
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 90
SEC.9: SECTION 9 SEC.10: SECTION 10

PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

In the liquid crystal display set as above, both the
reflection display section 9 and transmission display
section 10 show the dark display when no  vo1tage is
applied to the liquid crystal layer 1. TIf a voltage is
applied to the 1liquid crystal layer 1 under these
conditions, the liquid crystal molecules la change théir
director directions to deviate from the orientation
(herein, 65° orientation) along which the electrcde line
(terminal) of the comb-shaped electrode 53 extends.
Thus, the present liquid crystal display can realize the

light display by changing the director configuration of
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the liquid crystal with an increasing applied voltage.

The display characteristics of the liquid crystal
display of Example 12 assembled in the above manner are
graphed in Figure 22. The display characteristics of
Figure 22 were measured in the same manner as Example 1,
and in the drawing, the hérizontal axis represents a root
mean square value of the applied voltage and the vertical
baxis represents' ﬁhe brightness (reflécténce ‘or
transmittance) . |

In Figure 22, a curve 351 indicates the voltage
dependence of the reflectance of the reflection display
section 9, and a curve 352 indicates the voltage
dependence' of the transmittance of the transmission
display séction 10 in the 1liquid crystal display of
Example 12. Although the optical characteristics differ
in the reflection display section 9 depending on the
position on the comb-shaped electrode 53, the optical
characteristics of the most typical portion are set forth
in Figure 22.

As can be understood from Figure 22, the liquid
crystal display of Example 12 shows the dark display both
in the reflection display section 9 and transmissiocn
display section 10 when no voltage is applied, and both
the reflectance and transmittance increase with an

increasing applied voltage. That is, when the applied
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voltage is 2V, both the reflectance of the reflection
display section 9 and the transmittance of the
transmission display section 10 are 3%, and when the
applied voltage is increased to 5V, both increase to 35%
and 38%, respectiveiy. Thus, the above liquid crystal
display can attain satisfactory brightness and contrast
ratio fqr phe light display »both in the reflection
display séétion,9 and Fransmission display section 10;
thereby realizing the display with excellent visibility.
Also, since the contrast ratio is higher in the
transmission display section 10 than in the reflection
display section 9, the above liquid crystal display can
further improve the display quality and show more
satisfactory display.

As has been explained, according to Example 12, it
was confirmed that there can be provided a liquid érystal
display of the transflective type which can realize the
reflection display on the region above the comb-shaped
line 53, which could not be used for the display in the
conventional IPS system, while attaining high 1light
utilization.

In the present embodiment, besidzs the method using
the nematic liquid crystal in the aforementioned IPS
mode, a method using the ferroelectric ligquid crystal

display mode or a method using the anti-ferroelectric
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liquid crystal display mode can be adopted as a method
for realizing the above-described director configuration
of the liquid crystal.

In Example 13 below, a liquid crystal display using
the ferroelectric liquid crystal display mode will be
explained as another example liquid crys;al display for
realizinguthe above-described diregtor COnfiguration oﬁ

the liquid crystal.

(Example 13)

In the present example, a liquid crystal cell is
produced in the same manner as its counterpart used for
assembling the liQuid crystal display of Example 1 except
that: |

surface-stabilized ferroelectric liguid crystal is
used as a liquid crystal material;

the thicknesses (d) of the liquid crystal layer 1 in
the transmission display section 10 and reflection
display section 9 are =set to 1.4um and 0.7um,
respectively;

An-d of the liquid crystal layer 1 in the reflection
display section 9 and transmission displéy section 10 are
set to 130nm and 260nm, respectively; and

a reflective electrode is used for a region

corresponding to the reflection display section 9 instead
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of forming the reflection film 8 over the electrode 7 for
the reflection display section 9.

To be more specific, the insulation film 11 is
patterned over the substrate 5 (glass substrate) in such
-a manner that no photosensitive resin is left in the
transmission display section 10, while a 0.7um-thick
layer of the photosensitive resin is formed in the
reflectibn. disblay section 9. : Also, a refiective
electrode 1is formed where the insulation f£ilm 11 is
formed (reflection display section 9), and a tfansparent
electrode is formed where the insulation film 11 is not
provided (transmission display section 10). fhen, the
alignment film 3 is formed on the substrnte 5 on the
surface 6n which is formed thg electrode, to which the
alignment treatment is applied by means of rubbing,
whereby the electrode substrate is produced. The other
electrode substrate (opposing substrate) placed in an
opposing position to the electrode substrate thus
obtained 1is arranged in the same wmanner as its
counterpart in Example 1. Then, the liquid crystal cell
is produced by filling a space between the two electrode
substrates with ferrcelectric liquid crystal composition
containing the surface-stabilizing ferroeiectric liquid
crystal. Subsequently, the 1liquid crystal display is

assembled by laminating the phase difference compensation
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plates 16 and 17 and the polarization plates 14 and 15 to
the outside of the respective electrode substrates
forming the 1liquid crystal cell. Herein, the phase
difference compensation plate 16 is composed of a single
phase difference compensation plate, and the phase
difference compehsation plate 17 is composed of two phase
_difference_compensation plates.

The optical of the polarization plates 14 and 15,
phase_différence compensation plates 16 and 17, and the
liquid crystal layer 1 (that 1is, the lamination
orientation of the polarization plates 14 and 15, and
phase difference compensation plates 16 and 17, and the
alignment orientation of the liquid crystal of dark
display and light display) in the liquid crystal display
of the present example is set forth in Table 8 below for
ready comparison with reference to a common orientation.

The optical shown in Table 8 is the position of each
optical element on the display surface when the viewer
observes the display éurface, and each phase difference
compensation plate forming the phase difference
compensation plate 17 is set forth in accordance with the
actual position from the viewser’s side. Alsce, in Tabkle
8, each orientation is expressed in degrees from the
reference orientation set arbitrarily on the display

surface, and the retardation of each phase difference
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compensation plate is expressed in nm with respect to a

beam of monochrome light having the wavelength of 550nm.

Table 8
EXAMPLE 13
SEC.9 | SEC.10
PLATE 14 TRANSMISSION AXIS ORIENTATION (°) 0
| SLOW AXIS ORIENTATION (°) 15
PLATE | PLATE -
16 RETARDATION (nm) 270
SUBSTRATE 51 . D:75
LC LAYER 1 ALIGNMENT ORIENTATION (°) L:120
SUBSTRATE 54 D:75
ALIGNMENT ORIENTATION (°) L:120
SLOW AXTS ORIENTATION (°) -15
PLATE
PLATE RETARDATION (nm) 270
17 SLOW AXIS ORIENTATION (°) -75
PLATE
RETARDATION (nm) 270
PLATE 15 TRANSMISSION AXIS ORIENTATION (°) 90
SEC.9: SECTION 9 SEC.10: SECTION 10

D: ORIENTATION WHEN DARK DISPLAY IS OBSERVED
L: ORIENTATION WHEN LIGHT DISPLAY IS OBSERVED
PLATES 14-15: POLARIZATION PLATES
PLATES 16-17: PHASE DIFFERENCE COMPENSATION PLATES

The liquid crystal display assembled in the above
manner can attain satisfactory brightness and contrast
ratio both in the reflection display section 9 and
transmission display section 10.

As has been explained, any type of liquid crystal

display which can realize different director
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configurations of the 1liquid crystal and different
thicknesses of the liquid crystal layer in the refleétion
display section 9 and transmission display section 10
simultaneously can serve as the liquid crystal displayaof
the transflective type of the present invention and show
satisfactory display even if the alignment direction of
the.liquid crystal layer 1 changes in_the plane of the
liquid.arystal 1aYeriupoﬁ the voltage application. In
case that the liquid crystal display adopts. the IPS mode,
the light efficiency can be improved compared with the
conventional liquid crystal display of the transmission
type also adopting the IPS mode. In addition, the liquid
crystal display of the present embodiment can be used in

the other modes using the ferrocelectric ligquid crystal

and the like.

Embodiment 7

In the present embodiment, a specific example of an
element substrate and a color filter substrate driven by
an active matrix, which realize the arrangement of Ehe
liquid crystal display of the present invention, will be
explained. |

In assembling the 1liquid crystal display of the
present invention aiming at displaying an image, it is

very critical to set a ratio of the transmission display
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section and reflection display section based on how
frequently the liquid crystal'display is mainly used for
the transmission display and reflection display.

To be more specific, in a first style, 1like the
liquid crystal display of the transmission type currently
used, the transmitted light from the 1lighting device
(back liéht) serving as the back lighting means is mainly
used‘for the display, and>the refiectidn'displéy section
is used to prevent the wash-out (this style is referred
to as the transmission-main transflective type,
hereinafter) .

In a second style, the reflection display is mainly
~used for the display, in which the power-consuming back
light is turned ON/OFF frequently depending on the
circumstances to gave the power consumption, and
therefore, the back light is turned ON only when the
ambient light is so weak that the display content can not
be seen by the reflection display alone (this style is
referred to as the reflection-main transflective type,
hereinafter).

The above two styles are distinguished from each
other based on whether the display is chiefly shown bv
the transmission display or reflection display, and for
this reason, a specific area ratio of the transmission

display section and reflection display section, a color
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of the color filter in case of color display, etc. must
be designed differently in each style.

Thus, in the first place, a liquid crystal display
using for display TFT elements as adopting one of the
active matrix methods will be explained as an example of
the 1liquid crystal display éf the transmission-main
transflective type. : He;einafter, like components are
labeled with 1like reference humerals with respect to
Embodiments 1 through 6, and, for ease of explanation,
the description of thesé components is not repeated here.

To begin with, the arfangement of the substrate in
the 1liquid crystal display of the transmission-main
transflective type using the TFT elements for the display
will be explained with reference to Figures 23(a) through
25.

Figure 23(a) is a plan view illustrating a major
portion of the TFT elemeﬁt substrate for realizing the
liquid crystal display of the transmission—méin semi-
transmission type of present embodiment. Figure 23 (b)
is a >view showing a driving electrode 19 for the
reflection display section 9 (see Figures 1, 4, 24, and
25) on the TFT element substrate of Figure 23(a). Figure
23(c) is a view showing a transparent pixel electrode 20
on the TFT element substrate of Figure 23 (a).

Figure 24 1is a cross section of the TFT element
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substrate sliced on line A-A‘’ of Figure 23(a). To be
more specific, Figure 24 is a cross section of the TFT
element substrate traversing the TFT element 21 to the
driving electrode 19 and transparent pixel electrode 20
and further to a storage capacitor section 26. Figure 25
is a cross section of the TFT element substrate of Figure
23(a) sliced on line B-B’ of Figure 23(a), and shows the
arrangement on thé crosé secﬁion at a boundary portion of
adjacent pixels.

As shown in Figures 23(a), 24, and 25, a pixel
electrode 18 driving the liquid crystal layer 1 (see
Figures 1 and 4) is composed of the driving electrode 19
(display content overwriting means, voltage applying
means) in the reflection display section 9 and the
transparent pixel electrode 20 (display content
- overwriting means, voltage applying means) made of ITO.
The driving electrode 19 may be a reflective electrode
rendering the reflecting properties. BAlso, the driving
electrode 19 and transparent pixel electrode 20 may be
electrically connected to each other when adoptiﬁg a
display method in which the display is not inverted when
the displays are shown on the same voltage.

The driving electrode 19 and transparent pixel
electrode 20 are connected to a drain terminal 22 of the

TFT element 21 which controls a voltage applied to each
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pixel for the display. In case that the driving
electrode 19 is a reflective electrode and furnished with
a transmission display opening 19a, a region where the
transmission display opening 19a is made through is used
for the transmission display as the transmission display
section 10.

On the layer beneath the driving electrode 19, the,
TFT element 21,: lines 23 and  24, storage caéacitof
section 26 and a storage capacitor line 27 are provided.
Note that, however, since these components are made of
light-blocking material, such as metal, the TFT element
substrate is produced in such a manner that none of these
components is provided in the transmission display
opening 19a. In Figure 23(a), the driving electrodé 19
is indicated by .a two-dot chain line.

Also, as shown in Figure 24, a major portion of the
driving electrode 19 of the reflection display section 9
for applying a voltage to the reflection display secﬁion
9 forming the dfiving electrode 18 is spaced apart from
the surface of the substrate 19 on which are formed the
lines 23 and 24 for driving the TFT element 21 and the
TFT element 21 (TFT element substrate surface) by an
organic insulation film 25. The organic insulation film
25 is made of an organic insulation material having a low

dielectric constant so as to have a layer thickness of
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3um for the following reasons:

Lo prevent a parasitic capacitor component, formed
between the pixel electrode 18 and the line 23 which will
be used as the gate line of the TFT element 21 or the
line 24 which will be used as the source line of the TFT
element 21, from delaying or deforming a gate signal
waveform or a-source 'signal waveform which controls ‘the
openlng/01081ng action of the TFT element 21, so that a
high-resolution dot matrix display is shown; and

to improve the optical characteristics of the
reflection display section 9 and transmission display
section 10 in the liquid crystal display of the present
embodiment. | |

The pixel electrode 18 is connected to the drain
terminal 22 of the TFT element 21. The drain terminal 22
is an n* amorphous silicon layer doped to form the n type
semiconductor, and serves as the drain electrode of the
TFT element 21. In the TFT element substrate of the
present embodiment, the ITO layer placed to touch the
drain terminal 22 is used as the Cransparent pixel
electrode 20, and the driving electrode 19 of the
reflection display section 9 is formed on the orgaﬁic
insulation film 25 which is patterned in such a manner as
to cover the transparent pixel electrode 20 partially.

In other words, in the liquid crystal display of the
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transmission-main transflective type using the TFT
element substrate of Figure 24, the transparent pixel
electrode 20 used for the transmission display and the
driving electrode 19 used for the reflection display are
electrically connected at the pattern boundary of the
organic insulation film 25. Further, smooth protrusion
and depress1ons may be provided on the surface. of the_
'dr1v1ng electrode 19 of the reflectlon display sectloﬁ 9
as shown in Figures 24 and 25 to pbrevent the surface from
turning into a specular reflegtor.

Also, as shown in Figure 25, the organic insulapion
film 25 is formed to cover.the line 24 connected to the
source terminal 28 of the TFT element 21 at the boundary
of adjacent pixels on the TFT element substrate, whereby
the driving electrode 19 of the reflection display
section 9 is formed on the organic insulaﬁion film 25.

The TFT element substrate produced in this manﬁer
can control the parasitic capacitor component produced by
the pixel electrode 18 and lines 23 and 24 through the
organic insulation film 25 by setting an appropriate
relation between the layer thickness and dielectric
constant of the organic insulation film 25. Thus, as
shown in Figure 23(a), the driving electrode 19 of the
reflection display sectibn 9 can be extended directly

above the lines 23 and 24. In this case, a space between
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the adjacent pixel electrodes 18 can be narrowed, and the
leaking electric field from the lines 23 and 24 to the
liquid crystal layer 1 through such a space can be
reduced. Consequently, the director configuration of the
liquid crystal layer 1 is hardly disturbed. Thus, the
director configuration of the liquid crystal in the
- liquid crystal layer 1 can be controlled closer to the
bdundary between adjéceht pixel electrodes 18 by setting
an adequate relation between the layer thickness and
dielectric constant of the Srganic insulation film 25.
Hence, there can be produced a TFT element substrate for
the liquid crystal display of the transmission-main
transfleétive type having a high aperture. In the
present embodiment, the organic insulation £ilm 25 is
made of an organic insulation material having a relative
dielectric constant of 3.5.to have a film thickness of
3pum.

As has been explained, in the present embodiment,
the TFT element substrate, in which 45% of the entire
pixel area is used for the transmission display, and 38%
of the same is used for the reflection display, is
produced. Given that the most general conventional TFT
liquid crystal display of the transmission type attains
an aperture of about 50% in the transmission display

section, the present TFT element substrate can be said to
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be the TFT element substrate for a liquid crystal display
of the transmission-main transflective type with high
light efficiency, because it secures a ratio for the area
of the transmission display section 10 which is
substantially the same as in conventional displays, and
also shows display by adding the luminance of the display
. light in the reflection display' section 9 to the
traﬁsmiésion displa& light.

The reason why the liquid crystal display of the
present embodiment can attain high light utilization is
because the 1light blocking componehts, such as TFT
elements 21, lines 23 and 24, storage capacitor 26, and
storage capacitor line 27, are provided to the reflection
display section 9, and thus these components do not cause
any 1os$ of the 1light used for the 1liquid crystal
display.

Next, the color filter substrate placed to oppose
the TFT'element substrate produced in the above manner
will be explained with reference to Figures 26(af and
26 (b) . |

As shown in Figures 26(a) and 26(b), three color
filters, namely, a color filter 61R for red (R), a color
filter 61G for green (G), and a color filter 61B for blue
(B), are formed on the color filter substrate. Each of

the three color filters 61R, 61G, and 61B is made of
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photosensitive resin in which a pigment is dispersed, and
formed separately on the glass substrate 62 as a planar
and stripe color layer in a matching position with the
pixels on the TFT element substrate.

Further, as shown in Figure 26(b), a smoothing layer
501 made of transparent acrylic resin is forﬁed on the
glass substrate 62 on the surface where the color filters
élR, 61G, and 61B are formea to cover the same. Aiso,
a 140nm-thick ITO film is sputtered on the smoothing
layer 501, using a blocking mask covering non-specified
portions, to serve as a counter electrode 502 (display
content overwriting means, voltage applying means) for
the pixei electrode 18 of the TFT element substrate.
Consequently, the color filters 61R, 61G, and 61B are
separated from each other by transparent regions.

The superiﬁposing position of the color filter
substrate and TFT element substrate is shown in Figure
26 (a) . That is, the transmission display opening 19a
(transmission display section 10) -of the driving
electrode 19 formed in the reflection display section 9
on the TFT element substrate is completely covered with
the stripe color filters 61R, 61G, and 61B. On the other
hand, only the portion of the driving electrode 19 in the
reflection display section 9 along the extending

direction of the color filters 61R, 61G, and 61B 1is
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covered with the color filters 61R, 61G, and 61B. The
tfansparent regions between adjacent color filters 61R,
61G, and 61B are placed to oppose the driving electrode
19 formed in the reflection display section 9 at the
other portion (the portion other than the one along
extending direétion of the color filters 61R, 61G, and
61B) .

Figure 27 shows the positidns of the reflection
display section 9, transmission display section 10, color
filters 61R, 61G, and 61B by way of a combination of the
color filter substfate and TFT element substrate. Figure
27 is a cross section of a major portion of the liquid
crystal display sliced on line C-C’ of Figure 26(a), that
is, the cross section cut along the line C-C’ of the
color filter substrate and TFT element sﬁbstrate
superimposed for the use of the liquid crystal display.

Thus, any of the color filters 61R, 61G, and 61B is
formed in the transmission display section 10, and the
portion of the reflection display section 9 other than
the one along the extending direction of the color
filters 61R, 61G, and 61B corresponds to the transparent
regions among the color filters 61R, 61G, and 61B.

According to the above arrangement, Ehe color
filters 61R, 61G, and 61B of the same kind as those used

for the transmission display function only on a part of
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the reflection display section 9. Consequently, the
color display can be realized in the reflection display,
and reflectance necessary for the refection display
section can also be secured.

The transmission coloxrs shown by the light having
passed through the color filter substrate produced as
shown in Figures 26 (a) and 26 (b) may be the same
transmission coloré of RGB used for liquid crystél
displays of the transmission type for each of the RGB
pixels, or may be adjusted in an adequate manner, as the
case may be.

In a combination of the TFT element substrate and
color filter substrate shown in Figures 26 (a) and 27, the
transmission dispfay section 10 shows the display using
only the light having passed through the color filters
61R, 61G, and élB, and part of the reflection display
section 9 shows the display using the color filters 61R,
61G, and 61B used for the transmission display section
10, and the rest shows the display without using the
color filters 61R, 61G, and 61B. This is because the
reflection display section 9 can not attain sufficient
brightness if it uses the color filters 61R, 61G, and 61B
entirely, and the brightness is compensated by providing
therein a portion where the color filters 61R, 61G, and

61B are not used.
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Further, in the present embodiment, since the
display light passes through the color fiiters 61R, 61G,
and 61B twice in the reflection display section 9, color
filters 61R, 6iG, and 61B may be used in the reflection
display section 9 which have higher brightness than those
used in the transmission display sectiodn 10.

Also, as in the present embodiment, the color
filters 61R, 61G;.and 61B may be provided at least to the
transmissién display section 10, and the reflection
diéplay section 9 may have a region (portion) where no
color filters 61R, 61G, and 61B are provided. Further,
the color filters 61R, 61G, and 61B may be provided to
the transmission display section 10 alone, and not to the
reflection display section 9. |

In case that color filters 61R, 61G, and 61B are not
provided to the reflection display section 9, a display
voltage signal necessary for the transmission display is
a signal suitable for a color display, and a display
voltage signal necessary for the reflection display is a
signal suitable for a monochrome display. For this
reason, there arises a driving problem that the
percentage of the contribution of each of the RGB pixels
to the brightness 1is proportional to the luminous

transmittance (Y value) of each color in the transmission

display section 10, but the percentage in each pixel is
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the same in the reflection display section 9.

To be more specific, if the display brightness in a
case where the B pixels alone show light display is
compared to the display brightness in a case where the'G
pixels alone show light display, the brightness in each
pixel, in which the luminous transmittance is concerned,
varies in the transmission display section 10 where the
color filters 61R, Glé, ana 61B are provided, but is thé
same in the reflection display section 9 where the color
filteré 61R, 61G, and 61B are not provided.

This problem can be eliminated by changing the area
of the portion of the reflection display sectibn 9 in
each of the RGB pixels that does not show the color
display in accordance with the Y value for each of the
RGB colors of the color filters 61R, 61G, and 61B used
for the transﬁission display. Accordingly, the
contribution of the monochrome display of the reflection
display section 9 to the brightness in each of the RGB
pixels can be adjusted by changing the respective areas
of the reflection display section 9 in each RGB pixel and
the brightness of the monochrome display based on the
area of the reflection display section 9 can be reflected
in the display luminance of each color.

In addition, the same effect can be obtained by

setting the ratio of coverage of the reflection display
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section 9 by the color filter to a different value for
each color, in_the order G,R,B from smallest to largest.
This method has another advantage that the slight green
coloring occurred when a normal polarization plate is
used can be compensated. Also, in case that the color
filter substrate and TFT element substrate are
superimposed as shown in Figure 26(a), a relatively large
allowance can .be seéufed in the accuraéy of the>
superimposing position. The reason why is because each
pixel exists between portions where no color filter is
formed in the reflection display section 9, if an area of
one of those portions increases by the position shift,
the other decreases accordingly.

When the TFT element substrate and color filter
substrate described as above are used, transmission
display as gooa. asl the transmission display shown in
conventional TFT liquid crystal displays can be diéplayed
with the use of the lighting device (back light) as the
back light means. Further, even when the ambient light
is too bright, the display content can be seen because
the reflected ligﬁt is used to display the display
content very close ‘to the display content in the
transmission display. Hence, there can be realized a
high-resolution color liquid crystal display which does

N
not cause parallax and does not wash out even when used
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with too bright ambient light.

Next, the arrangement of the substrate of the liquid
crystal display of the reflection-main transflective type
will be explained with_reference to Figures 28, 29 (a) and
29(b). 1In the liquid crystal display of this type, the
arrangements of the TFT element display and color fiiter
substrate are changed, so that it is mainly used as a low
power consuming liquid.cfystai-display which uses the
reflected light of the ambient light for the display, and
shows the transmission display when the ambient light is
not sufficiently strong.

Figure 28 is a plan view showing a major portion of
the TFT element substrate for realizing a liquid crystal
display of the reflection-main transflective type of
Embodiment 7, and it shows the TFT element substrate
which mainly reflects light. 1In the drawing, the driving
electrode 19 is represented by a two-dot line.

As shown in Figute 28, the liquid crystal display of
the reflection—main transflective type is arranged in the
same ﬁanner as the above liquid crystal display of the
transmiésion—main transflective type except that the
transmission display opening 19a of the driving electrode
19 and the transparent pixel electrode 20 are made
smaller than their respective counterparts on the TFT

element substrate used in the liquid crystal display of
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the transmission-main transflective type.

In other words, in the liquid crystal display of the
reflection-main transflective type, as shown in Figure
28,. the pixel electrode 18 which drives the liquid
crystal layer 1 (Figures 1 and 4) is composed of the
driving electrode 19 and the transparent pixel electrode
20 made of ITO in the reflection display section 9, and
the dr1v1ng electrode 19 and transparent pixel electrode
20 are connected to the drain terminal 22 of the TET
element 21 which controls a voltage applied to each pixel
for the display. Also, the driving electrode 19 is
furnished with the transmission display opening 19a, and
in case that the driving electrode 19 is the reflective
electrode, a region where the transmission display
opening 19a is made through is used‘for the transmission
display as the transmission display section 10 (Figures
24, 25, and 27).

Also, the TFT element 21, lines 23 and 24, storage
capacitor section 26, and storage capacitor line 27 are
provided on the layer beneath the driving electrode 19,
and these components are provided outside of the

Sa.

(=

Note that, however, the TFT element substrate of
Figure 28 is arranged in such a manner that the

transmission display section 10 is smaller and the
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reflection display section 9 (Figures 24, 25, andA27) is
larger compared with thqse in the TFT element substrate
used in the liquid crystal of the transmission-main
transflective type.

In this manner, in the present embodiment, the TFT
element substrate using 13% of the entire pixel area for
the transmission display and 70% of the entire pixel area
for>thé reflection displéy is produced as the TFT élemenﬁ
substrate for the 1liquid crystal display of the
reflection—main transflective type.

Compared with the ratio of the transmission display
section 10 in the TFT element substrate of the liquid
crystal display of the transmission-main transflective
type, 13% is a relétively small value for the ratio of
the transmission display section 10 in the TFT element
substrate for the ‘liquid crystal display of the
reflection-main transfliective type. However, in case of
the liquid crystal display of the reflection-main
transflective type using the TFT element substrate, if
the transmission display is shown oniy when the display
content can not be seen with reflection display alone,
the ON time of the lighting device (back light) as the
back light means is controlled. Consequently, the power
consumption can be saved, thereby proving of the

practical use of the present liquid crystal display.
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Next, the following will explain the arrangement of
the color filter substrate used in a combination with the
TFT element substrate with reference to Figures 29 (a) and
29 (b).

As shown in these drawings, the color filter 61R for
red (R), color filter 61G for green (G), and color filter
6;8 for b;ue (B) are provided on the glass substrate 62
in stripeé in ghe saﬁé manner as the color fiiter
substrate for the 1liquid c¢rystal display of the
transmission-main transflective type of Figures 26 (a) and
26 (b) . A smoothing layer 501 made of transparent acrylic
resin is formed on the glass substrate 62 on the surface
where the color filters 61R, 61G, and 61B are formed to
cover the same. Also, a ITO film is sputtered on the
sﬁoothing 1ayer»501, using a blocking mask covering non-
specified portions, to serve as a counter electrode 502
for the pixel electrode 18 of the TFT element substrate.

Note that, however, the color filter substrate for
the liquid crystal display of the reflection-main
transflective type of Figures 29(a) and 29 (b) is
different from the one used for the liquid crystal
display of the transmission-main transflective type of
Figures 26(a) and 26(b) in planar shapes and spectral

transmittance in each color.

To be more specific, on the color filter substrate



-210-

of the 1liquid crystal display of the reflection-main
transflective type, the color filters 61R, 61G, and 61B
(color layer) are formed to cover the reflection display
section 9 on the TFT element substrate entirely, and
these color filters 61R, 61G, and 61B are made to attain
high brightness to allow the display 1light to attain
satisfactory brightness after having pagsed through the
‘color fiiters 61R, .61G, and 61B tQice, becausé the
display light passes through the color filters 61R, 61G,
and 61B twice in the reflection display section 9.

For this reason, satisfactory reflection display can
be shown in the reflection display section 9 by means of
a combination of a TFT element substrate having the
reflection display section 9 in a large ratio, and a
corresponding color filter suﬁstrate suited to reflection
display.

Further, in the transmission display section 10, the
transmission display opening 19a is small, but the
display content can also be seen during the transmission
display, which is used only when the ambient light is not
sufficiently strong by suing the lighting deyice (back
light) as the back 1lighting means. This 1is the
difference that distinguishes the liquid crystal display
of the reflection-main transflective type of the present

embodiment from a conventional liquid crystal display of
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the reflection type. With the liquid crystal display of
the reflection-main tranéflectivé‘type of the present
embodiment, when the transmission display is shown by the
color filters 61R, 61G, and 61B adjusted suitably for the
reflection display, the chroma is not satisfactory but
the display colors can be confirmed. | |

Thus, in case that the above.liquid crystal display
of the reflection-main tfansflective type shows the color
display, it is effective to use an arrangement whereby
the color filters 61R, 61G, and 61B are provided to the
reflection display section 9 to show the color display,
and in the transmission display section 10, either the
color filters 61R, 61G, and 61B are not provided'ér color
filters 61R, 61G, and élB having chroma at least as good
as the chroma of those provided té the reflection display
section 9 are provided partially.

As has been discussed, the liquid crystal display of
the reflection-main transflective type can be arranged in
such a manner that the color filters 61R, 61G, and 61B
are provided at leaét to the reflection display section
9, andvthe transmission display section 10 has a portion
where ' the color filters 61R, 61G, and 61B are mnot
provided, or the color filters 61R, 61G, and 61B are not
provided to the transmission display section 10, so that

it shows the monochrome display. In the latter case, the
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transmission display section 10 can be made smaller
because the light transmittance increases. Consequently,
a larger area can be secured as the reflection display
section 9, and more satisfactory display can be obtained
in the normal reflection display.

In this case, like in the liquid crystal display of
the transmission-main transflective type, the area of the
pértion of the.diéplay section where the colbf display is
not shown, that is, the area of the portion of the.
transmission display section 10 that does not show the
color display, may be changed for each of the RGR pixels
in accordance with the Y value of each color of the color
filters 61R, 61G, and A61B. In other words, each
substrate may be produced in such a manner that the ratio
of the transmission display area for each of the RGB
pixels is changed, so that the contribution of monochrome
aisplay of the transmission display section 10 to the
brightness in each of the RGB pixels is set adequately by
taking the luminous transmittance into consideration.

On the other hand, although the power consumption
increases for turning ON the lighting device (back light)
as the back light means, vivid color filters suitable for
the transmission display in the transmission display
section 10 can be used by brightening the light emanated

from the lighting device (back light) sufficiently. In
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this case, not only the chroma, but also the color
reproduction of the transmitted light can be secured. 1In
any case, it is very important to keep the 1lighting
device (back 1light) turned OFF as much as possible to
save the power consumption.

As ﬁas been explained, according to the present
embodiment, it has become possible to provide a liquid
crystal dispiéy of the reflection—main transflective typé
which can save the power éonsumption during normal use;
and prevent wash-out in the reflection display section 9,
whiie showing the transmission display using the back
iight meaﬁS'(back light) when occasion demands.

In the above explanation, the TFT element 21 is used
as the switching element in the active matrix method, and
an amorphous silicon TFT element of the bottom gate type
is used as an example of the TFTlelement 21. quever,
the switching element of the present embodiment is not
limited to the above disclosure, and may be a polysilicon
TFT element, or an MIM (Metal Insulator Metal) element
known as a 2-terminalrelement, for example. Also, it
should be appreciated that these active elements are not
necessarily used, and can be omitted, as the case may be.

As has been explained, in each 1liquid crystal
display of the present embodiment, the thickness of the
liquid crystal layer can be changed in the reflection

L
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display section 9 and transmission display section 10 by
a film thickness of the organic insulation film 25 by
employing the TFT element substrate, in which the driving
electrode 19 servihg as the display electrode 1is
separated from the 1lines 23 and 24 by the organic
insulation film 25. Moreover, in each liquid crystal
display of the present embodiment, even when a thickness
of the drganic insulation.fiimAzs is as thin as 3um (at
which a high capacitor display is allowed based on the
line resistance and parasitic capacitor of the TFT
element substrate), a difference in liquid crystal layer
thickness sufficient to realize satisfactory display on
both the reflection display section 9 and transmission
display section 10 (as has been discussed Embodiments 1
and 2) can be secured. _

Thus, a liquid crystal display‘capable.of showing
high capacitor display can be provided by employing the
TFT element substrate ‘arranged in the manner illustrated
in Figure 23(a) or 28 and adopting the liquid crystal
display method described in Embodiment 1 or 2.

Further, since the TFT element substrate using the
above-mentioned organic insulation film 25 has been
applied in part to the liquid crystal displays for the
transmission display aloner adopting the normal TFT

element driving method, the above TFT element substrate
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has fewer technical problems for the mass production,
thereby proving of its high probabilities for the
practical application.

The inventors of the present invention have been
carrying out an assiduous study on the production of a
reflection film renderiﬁg satisfactory reflection
propertles by smooth protrus1on and depressions prov1ded
thereon to prevent the display surface from turnlng into
a specular reflector in the liquid crystal display of the
reflection type. They discovered that a similar surface
with the protrusion and depressions can be forméd on the
organic insulation film 25 used in the present invention.
Accordingly, the TFT element substrate for therliquid
crystal display of thevtransmission—main transflective
type of Figures 23(a) through 27 isrfurnished with the
protrusiéns and depressions in a portion corresponding to
the reflection display section 9.

As has been explained, the present embodiment
includes the liquid crystal display of the transmission-
main transflective type and the' reflection-main
transflective type, and a ratio of the display surfaces
of the transmission display section and reflection
display section, colors of the color filters in case of
color display, etc. are changed depending on whether the

display is mainly shown by the transmission'display or
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reflection display.
Next, a ratio of the transmission display section
and reflection display section in the liquid crystal
display of the present invention will be explained in

Embodiment 8 beiow.

Embodiment 8

‘A. fatio between the respective areas of the
transmission display section and reflection display
section must be set by taking the visibility into
consideration. Stevens et al.("Brightness Function:
Effect of Adaptation", Journal of the Optical Society of
America, Vol. 53, No. 3, page 375) investigates the
brightness perceived visually (perceived brightness),
giving consideration the adaptation of human vision.
According to this publication, even when a human is
seeing objecgs with the same luminance, the perceived
brightness dépends on the brightness to which he is
currently adapted, and there has been established a
quantitative relation therebetween.

Figure 30-shows a relation of the adapted brightness
for providing the perceived brightness values ranging
from 5 brils to 45 brils versus the sample luminance,
which was prepared based on the study of Stevens et al.

expressed in different units. In the drawing, the
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horizontal axis represents the adapted luminance (unit-:
cd/m?) to which a viewer of the sample is adapted, and the
vertical axis represents the luminance (unit: cd/m?) of
the sample (sample luminance) presented to the viewer.

In the drawing, a point A represents the perceived
brightness when a viewer adapted to the adapted luminance
of 1cd/m*? observes a sample having a surface at the
1uminancé of 10cd/m?, and a point B répresents the
perceived brightness when a viewer adapted to an adapted
luminance of 170Ccd/m?® observes a sample having a surface -
at the luminance of 300cd/m?. Figure 30 reveals that,
given the fact that the perceived brightness on both the
points A and B shows the same value (9.4 brils), the
brightness perceived by human is affected not only by the
luminance of the display surface, but also by the adapted
luminance. -

Next, the adaptation of the viewer of the display
surface of a liquid crystal display will be discussed.

To begin with, the object to which the viewer adapts
will be discussed. When a human observes a particular
object and adapts to its brightness, he adapts to the
luminance on the surface of the visible object in the
visual surroundings, which generally varies with the

circumstantial conditions. However, it is very useful to

take the adapted object into consideration as a kind of
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measure, that is, to consider the situation in which the
observed object is assumed to be a surface reflecting the
ambient light. This 1is because whether indoors or
outdoors, ‘a human more often édapts to reflection
surfaces illuminated by a light source than to the light-
emitting light source itself. In the following, the
adaptation of the viewer who adapts one’'s vision to the
objeét’s reflection éurfacenwill be discussed.

In this case, the adapted luminance of Figure 30 is
represented by a value obtained by multiplying a
predetermined value with the illuminance on the object
surface to which the wviewer adapts, 1lighted by an
illuminating 1light source. Let L be the illuminance
(unit: lux) and B be the luminance (unit: cd/m?), then,
the luminance (B) on a surface having a reflectance-ratio
R in the reference of the perfect reflecting diffuser
surface 1is computed as: B=LxR/. Herein, it is
appropriate to use a surface of N5 on Munsell color
standard known as having average reflectance for objects
generally observed by humans, and to treat the adapted
luminance as the luminance of the surface of the NS on
Munsell color standard lighted by predétermined
illuminance. In this case, R is 0.2.

Further, assume that the illuminance light source

lighting the surface of N5 on Munsell color standard as
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the representative of the observed object also lights the
surface of a sample object whose perceived brightness isg
e&éluated under the adapted conditions. By the above
assumption, the perceived brightness of the reflection
display section when the viewer is observing the liquid
crystal display can be linked to the illuminance at which

the liquid - crystal is lighted through -the adapted
.luminance. Consequently, specific feflecﬁance-or ratio
cf the area of the reflection display section can be
selected based on the data obtained from the psycho-
physical experiments.

As the result of the study of the inventors of the
presenﬁ invention, a specific standard for perceived
brightness can be expressed as the brightness values set
ﬁorth in Table 9 below. The inventors reproduced several
combinations of the adaéted luminance and sample
luminance, .and discovered that the brightness expression
set forth in Table 9 below is appropriate. Table 9 can
be ﬁsed as the reference when setting the reflection

display section based on the perceived brightness.
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Table 9
PERCEIVED BRIGHTNﬁss (UNIT: brils)
0s PB <5 TOO DARK TO SEE
5s PB <10 DARK
10s PB <20 NORMAL
20s PB <30 BRIGHT AND GOOD OBSERVATION
30< PB TOO BRIGHT

Here, typical refiectaﬁce (R) éf the liquid crystal
display of the reflection type is about 30% in the
polarization plate method. Thus, the operation of the
liquid crystal display of the transflective type of the
present invention will be explained using the above
specific value.

A straight line 601 of Figure 30 indicates the
display operation of the liquid crystal display having
the reflectance of 30%. In other words,_let L (unit:
lux) be the illuminance of the illuminance light source
lighting ‘the luminance surface to which the viewer
adapts, then the adapted luminance by the surface of NS
on Munsell color standard is computed as 0.2xL/w, because
the reflectance (R=20%) of the surface of N5 on Munsell
color standard varies with the luminance (L/7) of the
perfect reflecting diffuser surface lighted by the same
illuminance light source. Likewise, the luminance on the

display surface of the liquid crystal display (sample
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object) having the reflectance of 30% when lighted by the
same illuminance 1light source can be computed as:
0.3xL/w. In other words, the straight 1line 601 is
obtained by plottingvthe varying illuminance (L) on the
points which satisfy a relation established betwéen the
horizontal axis of 0.2L/7 and the vertical axis of
0.3L/m. ~ As in the case ofiusing the liquid crystal
display' having the reflectance of> 30% as tﬁe >sémple
object, a straight line 602 is obtained by pldﬁting the
varying illuminance (L) on the points which satisfy a
relation established between the horizontal axis of
0.2L/m and the vertical axis of 0.1L/mw.

Next, the usable circumstances of the above liquid
crystal display having the reflectance of 30% will be
discussed in the following. The adapted luminance by the
surface of NS on Munsell color standard at the
illuminance (about 100,000 lux) of direct sunlight in
fair weather, which is the brightest illumiﬁating
conditions a human can experiénce in normal 1life, is
about 6000cd/m?. Here, as shown in Figure 30, the
perceived brightness on the display surface of the liquid
crystal display having the reflectance of 20% is the
intersection of the straight line 602 and a straight line
605 indicating the adaptive luminance of 6000cd/m?, or

approximately 30 brils, which is as shown in Table 9
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above, 1is too bright. For this reason, the perceived
brightness at lower illuminance is below the value of the
above perceived brightness. Hence, the illuminance
capable of securing a perceived brightness of 10 brils is
about 450 lux (found by calculating backward from the
corresponding adapted luminance using the above
equation) . In other words, when light display having
brightness between 10 brils and 30 brils inclusive is
necessary, the illuminance is 450 lux at the minimum and
100,000 lux at the maximum. Thus, the above liquid
crystal display can be used outdoors during normal day
time or in interiors having illuminance of 450 lux or
above (for example, in a room lighted by a light of 450
lux or above), but when used in a darker prlace, the
illuminance is too low to enable the viewer to perceive
thé display.

A relation of the adapted luminance versus the
sample luminance when the reflectance is 50% is shown as
a straight line 603 in Figure 30. As can be understood
from the straight line 603, when the reflective display
is shown at the reflectance of 50% or above as with
normal white paper, the perceived brightness exceeds 30
brils under the high illuminance circumstances of 1800
lux or above (for exaﬁple, a bright interior near the

window, or under direct sunlight). Under these
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circumstances, the viewer feels the white paper is too
bright. Thus, it is not appropriate to use the display
surface having the reflectance of 50% or above under the
high illuminance circumstance from the standpoint of the
visibility, and it can be understood that preferabie
reflectance of the display surface (luminance surface)
for the reflection display used under these circumstances
is 30% of so.

On the other hand, in the reflection display at the
reflectancé of 30% and the reflection display at the
reflectance of 10% respectively shown as the straight
lines 601 and 602, the illuminance which can give the
perceived brightness of 10 brils is about 450 lux and
3000 1lux, respectivelyr In other words, when the
reflectance decreases to one third, the.illuminance 6.7
times brighter is necessary. This means that, if the
illuminance is increased because the reflectance of the
liquid crystal display decreases, the eyes of the humanl
adapt to a bright reflective object other than the liquid .
crystal diéplay, and the illumination must be raised more
than the reciprocal qf a changing ratio of the
reflectance. |

Further, as can be understood from Figure 30, there
is a problem that the viewer feels that the display'on a

display body (for example, a typical display of the
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illuminance type) having predetermined'iuminance is very
dark when the surroundings are bright.

However, the liquid crystal display of the
transflective type of the present invention uses for
display a sum of a predetermined luminance determined by
the back light and the transmittance in the transmission
display section{ and an luminance (sample luminance)
determined by pfedetermined reflectancé in the refiection
display section. In other words, in the liquid crystal
display of the transflective type of the present
invention, the display at the display luminance indicated
by a curve 604 in Figure 30 can be realized, for éxample.
As indicated by the curve 604, in the liquid crystal
display - of tpe transflective type of the present
invention, the visibility is secured by the reflection
display when the illuminance is high, while the
visibility is secured by the transmission display using
the 1ighting device (back light) as the back light means
when the illumination is low.

Next, the perceived brightness was checked when
changing the illuminance using the surface luminance of
the above liquid crystal display of the transflective
type, the result of which is set forth in Figure 31.

Also, relations of the illuminance versus the perceived

brightness in the 1liquid <c¢rystal displays of the
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transmission type and reflectance type are respectively
set forth in Figure 31 for comparison. Here, the
conditions for computing the perceived brightness are:
the reflectance is 30% when the entire display area is
used for the reflection display of color; the
CLransmittance is 7.5% when the entire display area is
used for the transmlss1on dlsplay, the luminance of the'
back light is 2000cd/m?; the illuminance of the surface to
which the viewer is adapted is equal to the illuminance
of the display sﬁrface of the liquid crystal display of
color; and the reflectance of the adapted object surface
is assumed'to be 20% based on the brightness of N5 on
Munsell color standard.

In Figure 31, a value of the perceived brightness
when the illuminance is varied depends on a ratio (Sr) of
the reflection display section in the displayable area on
the liquid crystal display of the transflective type. A
curve - 611 shows a relation of the illuminance Versus
perceived brightness when the normal liquid crystal
display of the transmission type shoﬁs the transmission
display alone, that is when Sr=0. The luminance on the
display surface of the liguid crystal display of the
transmission type is 150cd/m?, and when the illuminance
is 6000 lux or above, the perceived brightness is 10

brils or below. Thus, to secure the perceived brightness
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of 10 brils or above by changing a part of the
transmission display section to the reflection display
section, as is indicated by the curve 612, Sr=0.1, that
is 1/10 of the displayable area should be used as the
reflection display section.

A curve 613 shows a relatioﬁ of the illuminance
versus ;he perceived brightness of the liquid crystalv
display of the reflection>type which shows the reflection.
display alone, that is, Sr=1. The reflectance of the
display surface on the liquid crystal display of the
reflection type is 30% compared with a perfect reflecting
diffuser surface, and when‘the illuminance is 450 lux or
below, the perceived brightness is 10 brils of below.
Thus, to secure the perceived brightness of 10 brils or
above by changing a part of the reflection display
section to the transmission display section, as is
indicated by the curve 614, Sr=0.9, that is, 1/10 of thé
displayéble area should be used as the transmission
display section.

Also,'as can be understood from Figure 31, when Sr
is in a range between 0.1 and 0.9, satisfactory display
with the perceived brightness of 10 brils or above and
less than 30 brils can be shown. When Sr is set to 0.30
(curve 615) or 0.50 (curve 616), satisfactory 1light

display with the perceived brightness of 20 brils or
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above and less than 30 brils can be shown.

Also, surface reflection occurs on the surface of
liquid crystal displays. The surface reflection
interferes with the display more markedly as the
illuminance of the surrounding rises. In Figure 31, a
relation of the perceived brightness and illuminance
~caused by the surface reflection is_shown (curve 617).
Though ﬁhe surface reflection is affectea considerably by
the finish of the surface, the curve 617 shows the
relation of the perceived brightness form the surface
refection versus illuminance in case that the surface
reflection caused at the interface between air and a
medium having a refractive index of 1.5 has the same
diffusing abilities as a perfect diffuse surface (that
is, when the reflectance by surface reflection is 4%) .
Thus, when the surface reflectance is taken into
consideration, in order to obtain satisfactory display,
it is preferable if an area of the reflection display
section accounts for 30% or above (that ié, Sr>0.3) of a
total of  areas of the reflection display section and
transmission display section.

According to the above analysis, it is understood
that, satisfactory color display can be shown both in the
reflection display section and transmission display

section of the liquid crystal of the present embodiment
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when the area of reflection display section accounts for
30% or above and 90% or below of a total of the areas of

the reflection display section and transmission display

section.

A ratio of each display section for showing
satisfactory display can be analyzed in the abéve manner
even when_at least one. of theAreflection dispiay and
transmission diéplay is not used for the célor display.
However, in any case, the_satisfactory display can be
realized when a ratio of the area of the reflection
display section in a total of areas of the reflection
display section and transmission display section is in
the above specified range. The liquid crystal displays
of the transmission-main transflective type and the
reflection-main - transflective type of Example 7 are

assembled using a preferable ratio in the above specified

range.

Embodiment 9

In the present embodiment, an active matrix liquid
crystal display adopting the 1liquid crystal display
method described in Embodiments 1 and 2, to be more
specific, a liquid crystal display for showing the color
display wusing the TFT element substrate, will be

explained by way of examples for purposes of explanation
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only, without any intention as a definition of the limits
of the invention.

A procedure for assembling the active matrix liquid
crystal display of the presént embodiment is composed of
a process of producing the TFT element substrate; a
process of producing the color filter substrate; a
process of producing a liquid crystal cell fqr‘filling
using the TFT element substrate and color filter
substrate; and a process of assembling the liquid crystal
display by filling the 1liquid crystal into the 1liquid
crystal cell »for filling obtained in the preceding
process.

Thus, the manufacturing method of the active matrix
liquid cryétal display of each example below in the
present embodiment will be explained from the process of
producing the TFT element substrate,.to begin with.

As shown in Figures 23(a) through 25, the TFT
element substrate is composed of a light transmitting
substrate 29 on which is formed a TFT element 21 for each
pixel by the following steps.

Here, a glass substrate made of a substance having
no alkali contents, such as non-alkali glass, is used as
the substrate 29 on which the TFT elements 21 are formed.
In the first place, a film of tantalum is sputtered on

the substrate 29, which will be made into the line 23 as
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the gate line and the storage capacitor 1line 27 by
patterning. The line 23 and storage capacitor line 27
are patterned in such a manner as to have graduval step in
each (line 23 and storage capaciﬁor line 27), so that
they can be covered satisfactorily with the line 24
formed thereon in the later stage to prevent line
disconnection.

Further, a layer of tantalnm oxide (Ta,0;) is formed
over the line 23 and storage capacitor line 27 by the
anodic oxidation procesé, over which a film of silicon
nitride which will serve as a gate insulation film is
formed. Then, a layer of hydrogenated amorphous silicon
as an intrinsic semicdnductor layer (i layer) which will
be made into a switching region of the TFT element 21 and
.a layer of silicon nitride as an etching stopper layer
are formed in this order by the CVD (Chemical Vapor
Deposition) method using monosilane gas and sputtering
(silicon nitride), respectively.. Then, the top layer
(silicon nitride layer) 1is patterned as the etching
stopper layer, after which an n* layer, which will be made
into the source terminal 28 and drain terminal 22 of the
TFT element 21, is fo;:med. by the CVD method using a
monosilane gas mixed with a phosphine gas. Subsequently,
the n* layer and i layer are patterned, and further, the

gate insulation film is patterned. Here, silicon nitride
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on the connection terminal portion on the line 23 (gate
line) outside the display region is removed.

Next, a film of ITO, which will be made into the
transparent pixél electrode 20, is sputtered in such a
manner as to touch the source terminal 28 and drain
terminal 22, and a film of tantalum, which will be made
into the 1ine 24 as the source line, is sputtered- .The
tanﬁalum film is patterned into the line 24, and the ITO
film formea beneath the tantalum film is patterned into
the transparent pixel electrode 20. As previously
mentioned, the transparent pixel electrode 20 'is
connected to the source terminai 28 and drain terminal
22, and it also forms ohmic contact between these
terminals (source terminal 28 and drain terminal 22) and
the lines 23 ana 24,

Next, the organic insulation film 25 having the
protrusions and depressions on the surface is formed on
the TFT element 21 as the insulation film of the
reflecﬁion display section. Then, a film of aluminum,
which will be made into the driving electrode 19 of the
reflection display section 9, is sputtered in such a
manner as to touch the transparent pixel electrode 20 at
& contact hole formed through the organic insulation film
25 to serve as the transmission display opening.

Subsequently, the aluminum film is patterned by means of
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the dry etching, whereby the driving electrode 19 serving
as the reflective electrode on which are provided the
same protrusions and depressions as those on the surface
of the organic insulation film 25 is formed.

In each of the above patterning steps, each
component is formed into a necessary'shape based on a
design, by means of the photglithographic technique. 1In
the photolithographic steps, the steps of coating and
drying photosensitive resin (resist), irradiating the
pattern, developing, baking and curing the resist, dry
étching, wet etching, removing the resist, etc. are
combined.

Thevprotrusions and depressions are formed in the
reflection display section 9 by applying an insulation
photopolymeric fesin material thereon.and subjecting the
same succéssively to the pattern irradiating step,
developing step, and curing step. In other words, a dot
pattern is formed in the developing step, and a smoothing
layer is formed on the dot pattern. out of the same
materiai. Here, the organic insulation layer 25 is not
formed in the transmission display section 10.

The TFT element 21 is provided to each pixel in the
TFT element substrate prodﬁced in the above steps, and
each pixel is composed of the refection display section

9 and transmission display section 10. Here, two types
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of TFT element substrate are produced: the TFT element
substrate of Figure 23(a) and the TFT element substrate
of Figure 28, and a ratio of the transmission display
section 10 and reflection display section 9 in each type
is set as described in Embodiment 7.

Next, thé'prbcedure of producing the color filter
substrateAwill.be explained. This procedure is composed
of a step of produéiﬁg the RGB color 1ayers (color
filters) on the substrate, .a step of forming a smoothing
layer on the color filters, and a step of formivng a
counter electrode to the transparent pixel electrode 20
formed on the TFT element éubstrate driven by the TfT
element gl.

In the present embodiment, as shown in Figure 26 (b)
or Figure 29(b); the color filter 61R for réd (R}, color
filter 61G for green (G), and color filter 61B for blue
(B) are formed on the glass substrate 62 in stripes.
Then, a smoothing layer 501 is formed on the glass
substrate 62 on the surface where the color filters 61R,
61G, and 61B are formed to cover ;he same, and the
counter electrode 502 is formed on the smoothing layer
501, whereby the color filter substrate is formed.

During the step of forming the color filter
substrate, the color filters 61R, 61G, and 61B are formed

by using photolithography to pattern a resin material
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preparea. by dispersing the pigment in photosensitive
resin. The method of producing the color filters 61R,
61G, and 61B is not limited to the above method using the
dispersed pigment, and for example, the electro-
deposition method, film transfer method, and dying
process can be adopted as well.

.The smoothing layer 501 1is formed by applying
acrylate resin having'high light-transmittance on the
glass substrate 62 on the surface where the color filters
61R, 611G, énd 61B are formed, and curing the same b?
heat. The counter electrode 502 formed on the smoothing
layer 501 is a counter electrode opposing the pixel
electrode 18 driven by the TFT element 21, and is formed
as a traﬁsparent electrode by sputtering layers of ITO
with masking and shaping the resulting deposit of the ITO
layers into a planar shape.

In the present embodiment, two ﬁypes of color filter
substrates are formed: the color filter substrate having
high chroma for the transmission display, and the color
filter substrate having high brightness for the.
reflection display. The former is patterned as shown in
Figures 26 (a) énd 26 (b}, and the latter is patterned as
shown in Figures 29(a) and 29 (b).

Next, the step of producing the liquid crystal cell

for filling by placing the TFT element substrate and
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color filter substrate to oppose each other to assemble
the liquid crystal layer will be explained.

In this step,'alignment films are formed on the TFT
element substrate and color filter substrate on their
respective opposing surfaces (the surface where the TFT
element 21 is formed on the TFT element substrate and the
surface where the color filters SlR, 661G, and 61B are
formed on the color filter substrate) by applying a
soluble poiyimide solution in the liquid crystal display
area by the offset printing method, and subjecting the
same to the drying and baking steps. Further, the
alignment treatment, which determines the alignment
direction of the liquid crystal, is applied to these
alignmént films by means of rubbing. Whether the
parallel aligning alignment films or perpendicular
aligning films are used depends on each example.

Subsequently, spherical spacers of the uniform
particle size are scattered on one of the TFT element
substrate and color filter substrate treated in the above
manner, and a sealing agent for gealing the 1liquid
crystal layer in a space Dbetween the TFT element
substrate and color filter substrate and fixing these
substrates is printed to the other substrate. Meanwhile,
conductive paste is provided to let the current flow from

the TFT element substrate side to the counter electrode
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502 on the color filter substrate.

Then, the TFT element substrate and color filter
substrate are placed to oppose each other with surface
provided with the TFT element 21 and the surface provided
with the color filters 61R, 61G, and 61B inside, and
after the positions of these substrates are aligned with
respect to each other, the sealing agent and conductive
paste.are éured under applied'pressﬁre.

By the above procedure and steps, the mother glass
substrate 21 containing a plurality of the liquid crystal
cells for filling is produced, and the filling cells are
produced by cutting the mother glass substrate 21.

Later, the liquid crystal composition is introduced
into the 1liquid crystal cell by means of vacuum
injection, and photopolymeric resin is applied at the
inlet of the liquid crystal and cured through
polymerization upon irradiation of UV rays, so that the
liquid crystal layer filled therein will not. be exposed
to air, whereby the liquid crystal cell is produced.

Then, a short-ring portion, provided at the end
portion of the TFT element substrate to short-circuit the
line terminals to prevent the electrostatic breakdown of
the TFT element 21, is removed to connect the TFT element
21 to an external circuit for driving the TFT element 21.

Further, the back light serving as the light source for
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the transmission display is provided, whereby the active

matrix liquid crystal display of the present embodiment

is assembled.

(Example 14)

The active matrix liquid crystal display of the
‘present example is a liquid crystal. display of the
transmission-main transflective type adopting the GH
method, which uses for display the same GH method as that
used in the 1liquid crystal display of Example 1 in
Embodiment 1.

The liquid crystal composition used in the present
example is prepared in the same manner as Example 1 in
Embodiment 1. In other words, the 1liquid crystal
composition usiﬁg the dichroic dye (dichroic dye 12) used
in Example 1 is used herein too. Also, in the present
example, vertical aligning alignment films which align
the liquid crystal perpendicular to the display surface
are used, and the alignment treatment is applied to these
alignment films in éuch a manner as to obtain ‘uniform
vertical alignment. In the present example, neither the
phase difference compensation plates nor polarization
plates are laminated to the liquid crystal cell, because
the GH method using the dichroic dye as the 1liquid

crystal composition is adopted.
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In the present example, since the transmission
display is mainly used, the color filters 61R, 61G, and
61B are designed to have chroma as high as that in the
conventional transmission display method, and the color
filter substrate is placed as shown in Figures 26(a) and
26 (b) . The TFT element substrate laminated to the color
filter substrate has a large transmission display opening
1%a and a wide transmission display section 10, as shown.
in Figure 23 (a).

As shown in Figures 26(a) and 26 (b), in the liquid
crystal display of the present example, only a specific
portion of the driving electrode 19 of the reflection
aisplay section 9 is covered with the color filters 61R,
61G, and 61B covering the transmission display opening
19a which will serve as the transmission display section
10 (a portion opposing the color filters 61R, 61G, and
61B in the extending direction thereof). The driving
electrode 19 also has a display portion which has no
color filter and thereby transmits white light.

A display signal was inputted into the 1liquid
crystal display assembled in the above manner, and the
liquid crystal display was observed visually. Then, it
turned out that, with the liquid crystal display of the
present example, the back light has to be turned ON.

However, with the ©back 1light kept turned ON, the
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brightness and contrast ratio are both satisfactory, and
satisfactory display is always shown thereon. Further,
the display content can be observed visibiy under direct
light, and there occurs no wash-out.

In other words, in the present example, it has
become possible to provide a high-resolution color liquid
crystal display without causing wash-out nor parallax,
which.can attain high bfiéhtness by using the back light
when the ambient light is weak, as does the conventional
liquid crystal display, while enabling the user to
observe the display content even when the ambient light
is strong by changing the brightness of the reflection
display section 9 in proportion to the ambient light. In
addition, in the present example, very satisfactory

reflection dispiay having no parallax (double image) can

be realized.

(Example 15)

The active matrix liquid crystal display of the
present example is a liquid crystal display of the
reflection-main transflective type adopting the GH
method, which uses for display the same GH method as that
used in the 1liquid crystal display of Example 1 in

Embodiment 1.

Like in Example 14, the liquid crystal composition
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used in the present example is prepared in the same
manner as Example 1 in Embodiment 1. In other words, the
liquid crystal composition containing the dichroic dye
(dichroic dye 12) used in Example 1 is used herein too.
Also, in the present example, vertical aligning alignment
films which align the liquid crystal perpendicular to the
~display surface are used,_and the alignmen; treatment is
applied“to these.alignment films by meéné of rubbing in
such a manner as to obtain uniform vertical alignment.
In the present example, neither the phase difference
compensation plates nor polarization plates are laminated
to the ligquid crystal cell, because the GH method using
the dichroic dye as the liquid crystal composition is
adopted..

In the present example, since the reflection display
is mainly used, the color filters 61R, 61G, and 61B are
designed to have brightness higher than that in the
conventional liquid crystal display of the transmission
type, and the color filter substrate is placed as shown
in Figures 29(a) and 29(b). The TFT element substrate
laminated to the color filter substrate has a small
transmission display opening 19a and a wide reflection
display section 9, as shown in Figure 28.

A display signal was inputted into the 1liquid

crystal display assembled in the above manner, and the
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liquid crystal display was observed visually. Then, it
turned out that the present liquid crystal display can
show the reflection display without turning ON the back
light when used during the day time under indoor lighting
or surrounding exterior light. In the present example,
very satisfactory reflection display having no parallax
(double image) can be-_realiied. Also, the display
content can be visually confirmed by turning dﬁ the back
light when the ambient light is too weak for the user to
observe the display using reflected light alone.

To be more specific, in the present example, the
color filters 61R, 61G, and 61B and the color filter
substrate used are designed for the reflection
transmiséion as previously mentioned, and thus the color
display can be  shown by the reflected 1light alone.
Consequently, the present liQuid crystal display can be
used with thé reflection display alone while keeping the
back light turned OFF for the use in indoor lighting or
outdoor during the day time. In addition, the visibility
can be secured even when the lighting is too weak by
turning ON the back light, as needed;

Unlike the conventional liquid crystal display of
the transmission type, the back light does not have to be
kept turned ON in the 1liquid crystal display of the

present embodiment. Consequently, the present liquid
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crystal display can save theA power consumption while
causing no wash-éut in the reflection display section 9;
moreover, it can show the transmission display using the

back light, as needed.

(Example 16)

The active matrix liquid crystal display of the_
present .exampié is a 1liquid érystal ‘display of thé
transmission-main transflective type using. the
polarization converting function of the liquid crystal
layer for the display, which uses for display the same
polarization plate method as used in the liquid crystal
display of Example S5 in Embodiment 2.

The liquid crystal composition used in the present
example is prepared in the same manner as Example 5 in
Embodiment 2. Herein, the phase difference compensation
plates (phase difference compensation plates 16 and 17)
and polarization plates (polarization plates 14 and 15).
are laminated to the 1liquid crystal cell (TFT 1liquid
crystal panel) in which is sealed the liquid crystal.
Further, in the present example, the alignment treatment
is applied to the parallel aligning alignment £ilms by
means of rubbing in such a manner as to form the crossed

rubbing angle of 250°.

Like in Example 14, in the present example, since
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the transmission display is mainly used, the color
filters 61R, 61G, and 61B are designed to have the same
transmission colors as those in the conventional
transmission display method, and the color filter
substrate is placed as shown in Figures 26 (a) and 26 (b).
The TFT element substrate laminated to the color filter
‘substrate has a. large transmission display opéning 19a
and a wide transmission display section 10 as showﬁ in
Figure 23 (a).

As shown in Figures 26(a) and 26(b), in the liquid
crystal display of the present example, only a specific
portion of the driving electrode 19 in the reflection
display section 9 is covered with the color filters 61R,
61G, and-61B covering the transmission display opening
i9a which will serve as ;he transmission display section
10 (a portion opposing the color filters 61R, 61G, and
"61B in the extending direction thereof). The reflection
display section 9 also has a display portion which has no
color.filter and thereby reflects white light.

A display signal was inputted into the 1liquid
crystal display assembled in the above manner, and the
liguid crystal display was observed visually. Then, it
turned out that, with the liquid crystal display of the
present example, the back light has to be kept turned ON.

However, with the back 1light kept ‘turned ON, the
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brightnesé and contrast ratio are both satisfactory, and
satisfactory display is always shown thereon. Further,
the display content can be observed visibly under direct
sunlight, and there occurs no wash-out.

In other words, in the present example, a liquid
crystal disblay attaining high brightness by using the
back light when the ambient light is weak, as does the
conventional liquid crystal display'of the transmission
type is provided, and on the other hand, even when the
ambient 1light is strong, the display content can be
confirmed visually by changing the brightness of the
reflection display section 9 in proportion to the ambient
light, thereby eliminating the wash-out caused in the
conventional display of the illuminance type or liquid
crystal display of the transmission type. Further, in
the present example, very satisfactory reflection display

having no parallax (double image) can be realized.

(Example 17)

The active matrix liquid crystal display of the
present example is a 1liquid crystal display of the
reflection-main transflective type using the polarization
converting function of the liquid crystal layer for the
display, which uses for display the same polarization

plate method as that used in the 1iquid crystal display
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of Example S in Embodiment 2.

Like in Example 16, the liquid crystal composition
used in the present example is prepared in the same
manner as Example 5 in Embodiment 2. Herein, the phase
difference compensation plates (phase difference
cbmpensation plates 16 and 17) and polarization plates
(polarization plates 14 and 15)_are laminated to: the
liquid crystal cell (TFT ligquid cfystal panel) in which
is sealed the liquid crystal. Further, in the present
example, the alignment treatment is applied to the
parallel aligning alignment films by means of rubbing in
such a manner as to form the crossed rubbing angle of
250°.

Also, 1like in Example 15, since the reflection
display is mainly used, the color filters 61R, 61G, and
61B are designed to have brightness higher than that in
the conventional liguid. crystal display of the
. transmission type, and the célor filter substrate is
placed as shown in Figures 29(a) and 29(b). The TFT
element substrate laminated to the color filter substrate
has a small transmission display opening 19a and a wide
reflection display section 9 as shown in Figure 28.

A display signal was inputted into the 1liquid
crystal display assembled in the above manner, and the

liquid crystal display was observed visually. Then, it
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turned out that the present liquid crystal display can
show the reflection display without turning ON the back
light when used during the day time under indoor lighting
or surrounding exterior light. In the present example,
very satisfactory reflection display having no parallax
(double image) can be realized. Also, the display
content can be visually'confirméd by turning ON the back
light Qhen the ambient ligﬁt is too weak for.the user to
observe the display using reflected light alone.

To be more specific, in the present example, the
color filters 61R, 661G, and 61B and color filter
substrate used are designed for the reflection display as
previously mentioned, and thus the color display can be
sho&n by'the reflected light alone. Consequently, the
present liquid - crystal display can be used with the
reflection display alcne while keeping the back 1light
turned OFF when used either in indoor 1lighting or
outdoors during the day time. In addition, even when the
lighting is too weak, the vis;bility can be secured by
turning ON the back light, as needed.

Unlike the conventional liquid crystal display of
the transmission type, the back light does not have to be
kept turned ON in the liquid crystal display of the
present embodiment. Consequently, the present liquid

crystal display can save the power consumption while
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causing no wash-out in the reflection display section 9;
moreover, it can show the transmission display using the
back light, as needed.

As has been discussed by way of Examples 14 through
17, according to the present embodiment, a high-
resolution active matrix liquid crystal display adopting
the l;quid crystal display method of Embodiment 1 or 2
.can be reaiized. |

In Examples 14 through 17, each liquid crystal
display is assembled to have different thicknesses of the
liquid crystal layer in the reflection display section 9
and transmission.-display’ section 10 by providing the
organic insulation film 25 (equivalent to.insulation film
11) .on .the active matrix substrate (TFT element
substrate) . However, it should be appreciated that the
same effect can be attained when any other liquid crystal

display principle of the present invention is adopted.

Embodiment 10

The present embodiment will explain how the
luminance of the back light used in the liquid crystal
display of the present invention is changed.

The luminance of the back light is changed mainly
for the three following reasons.

A first purpose is to secure the visibility. As has
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been discussed in Embodiment 8, the perceived brightness
perceived by a human is determined by the adapted
luminance and the luminance of the display surface.
Thus, to realize satisfactory display with satisfactory
visibility, it is effective to change the luminance of
the back light to the perceived brightness of human eyes
in response to the adaptgd luminance.l As described in
Embodiment 8, iﬁ is preferable to chanée the luminance of
the display surface by controlling the luminance of the
back light in response to the adapted luminance, so that
the perceived brightness is in a range from 10 brils
inclugive to 30 brils exclusive. In short, the back
light also serves ‘as display surface luminance changing
means. éonsequently, the visibility can be improved when
the transmission display is mainly responsible for the
display. Hei‘e, a value of the perceived brightness
specified in Embodiment 8 is set on the assumption that
the luminance of the display surface is proportional to
the adapted luminance to which the viewef has adapted.
Thus, satisfactory display can be obtained only by
changing the luminance of the back light in accordance
with the perceived brightness.

A second purpose is to save the power consumption.
There are cases where the visibility is not affected much

whether the back light is turned ON or OFF. An example
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of such a case would be when a liquid crystal display of
the transflective type is used where the ambient.light
lighting the liquid crystal display has sufficiently high
illuminance, so that the luminance of the display surface
is maintained mainly by the reflection display section.
In this case, the luminance of the display surface may
nqt.be affected even if the luminance of the transmission
displéy is high; énd in such a case,bit is preferable to
turn OFF the back light to save the power consumption.

A third purpose is to furnish more than one function
to the 1liquid cryétal display by enabling the user to
switch the qolor display to the monochrome display and
vice versa by turning ON/OFF.the back light, in cases
where thé color display is shown by either the reflection
display or transmission display'alone.

For example, when the reflection display section is
not provided with the color filteré, and shows the
monochrome display alone, and the transmission display
section alone is provided with the color filters to show
the color display, the resolution of the reflection
display can be set higher. than in the transmission
display section which displays one monochrome unit by a
plurality of pixels using color filters. Consequently,
the reflection display is high-resolution monochrome

display, while the transmission display is color display
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with moderate resolution. Conversely, the color filters
may be used for the reflection display alone. In this
case, more than one function can be provided to the
liquid crystal display. Consequentlyy it has become
possible to change the display content significantly in
response to the ON/OFF state by switching the color
~Adlsplay to the monochrome display and vice versa or
changing the lllumlnatlng colors by turnlng ON/OFF the
back light.

As has been discussed above, the luminance of the
back light can be controlled by an adequate signal in
response to the intended use or use conditions. When the
luminance of thé back light is changed in response to the
aforemeﬁtioned adapted luminance, to improve the
visibility, the luminance of the back light is controlled
in response to the visual environment, such as the
illuminance of the light incident on the display surface,
and the kinds of the. display adopted by the liquid
crystal display.

When the iuminance of the back light is controlled
in résponse to the illuminance, it is preferable to
control thé ON/OFF state of the back light in the
following manner. That is, the back light is turned OFF
when the illuminance is high, whereas the back light is

turned ON in a moderate state when the illuminance is low
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so as to avoid excessive brightness, and the back light
is turned ON in a strong state when the illuminance is
neither too high nor toco: low.

In this case, if the ON/OFF state of the back light
or the luminance thereof are controlled by a signal ffom
external devices or a timer connected to the 1liquid
crystal.cell or liquid crystal display, unnecessary power
consumétion can be séved-' |

Further, in controlling the luminance of the back
light, if he back light is only turned ON when the user
manipulates the apparatus including the liquid crystal
display, or for a fiked-period thereafter, the overall
power consumption of the apparatus can be saved, and the
user can be provided with display he .feels to be
satisfactory. The luminance of the back light may also
be controlled by any other applicable signal besides the
illuminance of the light incident on the display surface.

To achieve the above objects, it is very effective
to alidw the user to control the ON/OFF state of the back
light or the 1luminance thereof, or the director
configuration of the liquid crystal in the reflection
display section and transmission display section oy
inputting a signal through a touch panel (pressed
coordinate detecting type input means) layered on the

display surface of the 1liquid crystal cell, or by
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controlling the luminance of the back 1light in
association with some other signal giving a warning to
the user. 1In this manner, a liquid crystal display with
visibility and consuming less power can be provided by
controlling the luminance of the display surface from the

outside of the liquid crystal cell.

Embodiment 11
Explained in the present embodiment is a liquid
crystal display of the present invention, provided with
a touch panel (pressed coordination detecting type input
means) as information input means, and used in a portable
device, which is the field in which the liquid crystal
display ‘of the present invention is chiefly used.
Hereinafter, like components are labeled with like
reference numerals with respect to Embodiments 1 through
10, and, for ease of explanation, the description of
these components is not repeated here.
| In the present embodiment, a touch panel is attached
to the liquid crystal display of‘Example 17 in Embodiment
9, whereby a liquid crystal display of the transmission
type incorporating an input device is assembled, the
arrangement of which is illustrated in Figure 32. The
basic arrangement of the liquid crystal display of the

present embodiment, that is, the liquid crystal cell and
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back 1light 13, is identical with the arrangement of
Example 17 in Embodiment 9 and Example 5 in Embodiment 2
except for the touch panel 71, and, for ease of
explanation, the description of these components is not
repeated here.

The touch panel 71 includes a flexible substrate 73
on which is formed a transparent electrode layer 72 and
a supporting substrate 75 ~§n which is formed a
transparent eleétrode layer 74. The flexible substrate
73 and supporting substrate 75 are placed to oppose each
other -with their respective transparent electrode layers
72 and 74 inside, with spacers (not shown) maintaiﬁing
a predetermined distance therebetween so that, when they
are suppiied with an eléctricai current, the transparent
electrode layers 72 and 74 do not touch each other.
According to this arrangehent, the transparent electrode
layer 72 formed on the flexible substrate 73 and the
transparent electrode layer 74 formed on the supporting
substrate 75 keep a space from each other undexr the
normal state, and are allowed to touch each other at a
position only when such a position on the _flexibie
substrate 73 is specified (pressed) by a finger or a
stylus. Accordingly, the touch panel 71 functions as an
input device by detecting a position (coordinate

position) where the transparent electrodes 72 and 74
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touch each other by a pressing force applied on the
flexible substrate 73.

The touch panel 71 is provided between the phase
difference compensation plate 16 and substrate 4 of the
liquid crystal cell by‘laminating the phase difference
compensation plate 16 and polarization plate 14 on the
flexible substrate 73, so ;hat it forms an integral unit
together with‘the phése differenée compensation plate 16
and polarization plate 14. 1In the present embodiment, to
attain the effect of the polarization plate of Example 17
by the poiarization plate 14 laminated to the touch panel
71, both the flexible substrate 73 and supporting
substrate 75 forﬁing the touch panel 71 are made of a
material having no birefringence.

In the pfesent embodiment, a space is secured
between the supporting substrate 75 of the touch panel 71
and the substrate 4 of the liquid crystal cell, so that
the pressure applied. on the touch panel 71 is not
transferred to the liquid crystal cell without using a
pressure damping member, whereby the touch panel 71 and
substrate 4 of the 1liquid crystal cell can attain a
pressure transfer preventing effect.

In the liquid crystal display incorporating the
input device assembled in the above manner, the back

light 13 can be turned OFF when the user does not observe
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the display and turned ON upon input of information into
the touch panel 71 by changing the luminance of the back
light 13 in response to signals from the touch panel.
Consequently, the liquid crystal display of the present
embodiment can show satisfactory display while saving the
power consumption. In addition, according to the present
embodiment,'visibility can be improved by providing the
polarization plate:i4,.touch panel 71, and liquia crystal
cell in this order, because the polarization plate 14
also absorbs unwanted reflected light from the touch
panel 71, thus reducing such unwanted reflected light.

As has been explained, a liquid crystal display of
the present invention is arranged in such a manner as to
comprise: A

a liquid érystal display element having a pair of
substrates, to which alignment members (alignment means) ,
such as alignment films, ére provided to their respective
'-opposing surfaces, and a liquid crystal layer sandwiched
by the pair of substrates; |

alignment mechanism for providing at 1least two
different director configurations simultaneously on
different arbitrary regions used for display in the
liquid crystal layer; and

a reflecting member (reflecting means), such as a

reflection film or a reflective electrode, provided to at
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least one of the different arbitrary regions showing
different director configurations,

wherein the different arbitrary regions showing
different director configurations are wused for a
reflection display section for showing reflection display
and a transmission display section for showing
transmission display, respectively.

.Accordimg to the.abOQe afrangémént, thé director
configuréﬁion of the'liquid crystal can take different
director configurations simultaneously. ‘Thus, for
example, an amplitude of modulation in an opti-physical
quantity, such as an amount of absorbed light
(absorbance) when a light absorber like a dichroic dye is
used for the display, and a phase difference when optical
anisotropy is ‘used for the display, can be changed
_separately in each region. Thus, according to the above
arrangement, it is possible to obtain transmittance or
reflectance based on an amplitude of modulation in an
opti-physical quantity in response to the director
configuration of the liquid crystal layer, thereby making
it possible to set the transmission display section and
transmission display section independently. Hence,
according to the above arrangement, a high contrast ratio
can be attained without causing parallax and the

visibility can be improved when the surroundings are
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dark, while satisféctory visibility canvbe attained even
when the ambient 1light is strong. Consequently,
according to the . above arrangement, it has become
possible to provide a liquid crystal display of the
transflective type, having excellent visibility, and
capable of showing high-resolution display and using both
~the reflected 1light and transmitted light for the
.display. ) |

One alignment mechanism which may be suitably used
is display content overwriting means for overwriting a
display content with an evolution of time. In this case,
the display contegt overwriting means and the alignment
mechanism are realized by a single means, so that the
above liquid crystal display can be obtained without
adding any addiﬁionalAmembers. It should be appreciated
that, however, electrical liquid crystal alignment
control ﬁeans currently used extensively for overwriting
the display content with an evolution of time, namely,
any applicable means used for véltage application, such
as electrodes, can be used as the display content
overwriting means for realizing more than one state 6f
director configuration of the ligquid crystal. In this
case, a plurality of regions having different director
configurations can be provided in the liquid crystal

layer by using different electrodes in the transmission
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display section and reflecﬁion display section, or
changing the voltage itself in the transmission display
section and reflection display section.

Also, in case that an amplitude of modulation in an
opti-physical quantity,‘such as an amount of absorbed
light and a phase difference caused by the optical
anisotropy, is set independently in the reflection 
display section and transmiséion display section, e&en if
the alignmeﬁt direction of the liquid crystal obtained by
the voltage application is substantially uniform across
the region used for the display in the liquid crystal
layer, in regions having different thicknesses of ﬁhe
liquid crystal layer, there can be offered the same
effect as the one attained in the case where the
alignment direétion of the 1liquid crystal layer is
changed. 1In particular,‘in the GH method (which‘uses é
light absorber like a dichroic dye and makes use of light
absorption) or the polarization plate method which makes
use of birefringence or polarization rotation
phenomenon), the phenomena, (such as light absorption or
birefringence) occurring in the liquid crystal layer, are
the phenomena that take place in association with the
light propagation, and thus a relation is established
between the distance of the light propagation in the

liquid crystal layer and the degree of each phenomenon.
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Further, the display 1light passes through the 1liquid
crystal layer twice in the reflection display section and
only once in the transmission display section. Thus,
when the director configuration of the liquid crystal is
substantially the same in the reflection display section
and transmission display section, neither sufficient
‘brightness nor contrast ratio can be obtained if the
thickness of the 1iquid cryétal layer is the same in the
reflection display section and transmission display
section, thereby making it impossible to eliminate the
above problems.

Therefore, a liquid crystal display of the present
invention may be arranged in such a manner as to comprise
a 1iquid' crystal display element having a péir. of
substrétes, to ‘which alignment means are provided to
their respective opposing surfaces, and a liquid crystal
layer sandwiched by the pair of substrates, wherein:

a region used for display in the liquid crystal
layer 1is composed of regions having at least two
different thicknesses of the liquid crystal layer;

the regions having at least two different
thiéknesses are used for a reflection display section and
a transmission display section, respectively;

reflecting wmeans 1is provided at 1least to the

reflection display section; and
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the thickness of the liquid crystal layer is thinner
in the reflection display section than in the
transmission display section.

According to the above arrangement, it is possible
to obtain the transmittance or reflectance based on an
amplitude of modulation in an opti-physical quantity in
the regions. having different thicknesses of the liquid
crystai layer, thereby making it possible to set the
transmission display section and transmission display
section independently. Hence, according to the above
arrangement, a high contrast ratio can be attained
without causing parallax and the visibility can be
improved when the surroundings are dark, while
satisfactory visibility can be attained even when the
ambient light is strong. Consequently, according to the
above arrangement, it has become possible to provide a
liquid crystal‘display of the transflective type, having
excellent visibiiity' and capable of showing high-
resolution display and using both the reflected light and
transmitted light for the display.

Thg above-arranged liquid crystal display of the
present invention may be arranged in such a manner tharc,
in order to provide at 1least two different director
configurations simultaneously on different arbitrary

regions used for display in the liquid crystal layer, an
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alignment means is provided in a region of the surface at
least one of the substrates touching a region of the
liquid crystal layer used for display, so as to impart at
least two different director directions to an director
éonfiguration of the liquid crystal layer at an interface
touching the region in which the alignment mechanism is
providedf

| Besides the abéve display content overﬁriting meaﬁs,
an alignment film provided on  the substrate at the
interface touching the liquid crystal, to which the
alignment treatment is applied in such a manner as to
impart at least two different directions of director to
the director configuratién of the liquid cryétal layer at
the interface touching to the same, can be used as the
means for alloQing the director configuration of the
liquid crystal to take different director configurations
simultaneously. By providing the alignment means in a
region of the surface of the substrate touching the
region of‘the liquid crystal layer used for display so as
to impart at least two different director directions to
the director configuration of the liquid crystal layer at
the interface touching the region in which the alignment
is provided, the liquid crystal layer can take at least
two different director configurations simultaneously upon

the voltage application at different arbitrary regions
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used for the display in the liquid crystal layer, and:as
a consequence, the reflection display and transmission
display can be shown respectively in these regions having
different director configurations in the liquid crystal
layer.

In this case, the director configuration of the
liquid crysta;, that @ determines the  optical
chafacﬁeriétics and a change of the alignment upon the
voltage application can both be changed by modifying an
angle of the director configuration of the liquid crystal
layer with respect to the substrate or an orientation
angle, thereby allowing each of the reflection display
section and transmission display section to show adequate
display thereon.

It is preférable that the liquid crystal display of
present invention is arranged in such a manner that at
least one of the pair of substrates includes an
insulation film at least on the region corresponding to
the reflection display section, the insulation film being
thicker in the region corresponding to the reflection
display section than in the region corresponding to the
transmission display section.

In other words, it is preferable that the liquid
crystal display of the present invention is arranged in

such a manner that it includes an insulation film on one
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- of the smooth substrates sandwiching the liquid crystal
layer, and the insulation film is made thinner in a
region corresponding to the transmission display section
than in a region corresponding to the reflectién display
section, or the insulation film is formed on the region
corresponding té the reflection display section alone,
-and- not on the region corresponding to the transmission
display section. “

According to the above arrangement, a liquid crystal
display having at least two different thicknesses of the
iiquid crystal layer in the region used for the display
in the liquid crystal layer (that is, a liquid crystal
display ‘having different thicknesses of the liquid
crystal layer in the reflection display sectipn and:
transmission diéplay section) can be readily.obtainéd.

Alsb, the insulation film not only functions as the
liquid crystal layer thickness adjusting means, but also
applies a driving voltage to the liquid crystal layer
without any loss by forming a diéplay electrode on the
surface touching the liquid crystal 1layer in the
reflection display section.

In this case, a light-reflecting film is formed, as
reflecting means, on the éubstrate placed to oppose the
substrate of the display surface side, and protrusions

and depressions are provided on the light-reflecting
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film. This arrangemént is effective as specular
reflection preventing means for the reflection display
which impairs neither the resolution nor display ability
of the transmission display section. If the insulation
film is provided with the protrusions and depressions
like those provided to the light-reflecting film, a
light-reflecting film having protrusions»and.depressions
can be readily formed. | |

As has.been explained, in the liquid crystal display
of the present invention, the arrangement for providing
two different director configurations simultaneously on
different arbitrary regions used for the display in the

.

liquid crystal layer, that is, the alignment mechanism,
is not especially limited as long as it can provide two
different direétor configurations simultaneously on
different arbitrary regions used for the display in the
liquid crystal display. Examples of the alignment
mechanism include: electrodes or applied voltages which
provide different voltages to or generate different
electric fields in the different arbitrary regions used
for the display in the liquid crystal, an alignment £ilm
to which the alignment treatment is applied in at least
two different orientations and provided to each of the
different arbitrary regions used for the display in the

liquid crystal display, an insulation film or substrate
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formed to have at least two different thicknesses on the
regions used for the display in the liquid crystal layer,
particular kinds of 1liquid crystal materials, a liquid
crystal layer arrangement structured to be driven
independently, polarization plates, phase difference
compensation plateé, or a combination of the
aforementioned.

Acéofding' to the present invention, satisfactofy
display can be shown on both the reflection display
section and transmission digplay section by the
aforementioned means and alignment mechanism. However,
an optimal ratio of the reflection display section to the
transmission display section for showing satisfactory
display Qaries depending on the desired display, such as
color display or monochrome display, or whether the
display is shown mainly by the reflection display or
transmission display.

In -the 1liquid crystal display of the present
inven;ion, in case that both the reflection display
section and the transmission display section show color
display, it is preferable that an area of the reflection
display section accounts for 36% or above and 90% or less
of a total of areas of the reflection display section and

the transmission display section.

According to the above arrangement, satisfactory
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color display can be shown both in the reflection display
section and transmission display section.

Also, it is preferable that the display content is
not inverted in the reflection display section and
transmissién.display section from the standpoint of the
visibility. This is because, if the display content is
invertedl in the . ‘reflection display section. and
transmission display‘section under the circumstanée where
the lighting environment changes or such a change is hard
to predict, a contrast ratio of the display changes
considerably with the luminénce of the ambient 1light.
Such a change in the contrast ratio is deemed as a
similar phenomenon to the wash-out in terms of the
visibility, | thereby deﬁeriorating the visibility
considerably.

Thus, to secure the visibility, it is very important
that the transmission display section and reflection
display section show the light display simultaneously,
and the transmission display section and reflection
display section show dark display simultaneously.

Thus, the liquid crystal display of the present
invention is arranged in such a manner that when the
transmission display section shows the ligﬁt display, so
does the reflection display section, and when the

transmission display section shows the dark display, so
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does the reflection display section.

According to the present invention, the reflection
display section can show the light display when the
transmission display section does so, and the reflection
display section shows the dark display when the
transmission display section does so by changing the
alignment mechanism or the ‘thiqknesses of the 1liquid
crysﬁal %ayef. In particular, according to the presenﬁ
invention, even if the display content inverts in the
reflection display section and transmission display
section if no countermeasure is taken, both the sections
readily can show the same kind of display by controlling
the overwriting of the display content in the reflection
display section and transmission display section
independently >by employing the display content
overwriting means as the alignment mechanisnp Thus,
according to the above arrangement, there can be offered
an effect that satisfactory visibility can be secured.

Further, it is preferable that the liquid crystal
display of the present invention is arranged in such a
manner that the liquid crystal layer is made of liquid
crystal composition prepared by blending a dichroic dye
with liquid crystal. If the liquid crystal layer is made
of liquid crystal composition prepared by blending a

dichroic dye with liquid crystal, an amount of absorbed
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light can be optimized in each of.the reflection display
section and transmission display section.

It is effective to adopt a method of using the
birefringence or polarization rotation phenOmenon using
the polarization plate as the display method for showing
satisfactory display on both the reflection display
~section and transmission  display section.

For this .feasoﬁ;. it is preferable that a
polarization plate is provided to at ieast one of the
pair of substrates on a surface which does not touch the
liquid crystal layer.

According to the above arrangement, since optimal
birefringence can be set in each of the reflection
display Vsection and transmission display section, a
satisfactory'display can be shown on each. Here, in
order to realize sufficient display reliably in the
transmission display section in a liquid crystal display
adopting the polarization plate method in the reflection
display section and having different thicknesses éf the.
liquid cfystal layer in the reflection display section
and transmission display section, a polarization plate
has to be provided in the transmission display secﬁion on
the light incident side in addition to the one provided

on the display surface side.

Also, in the liquid crystal display furnished with



-269-

the polarization plate, to switch the display, it is
preferable that an amount of change of the phase
difference in the 1light caused by a change in the
alignment in response to a voltage applied to the liquid
crystal layer be set suitably for the 1light passing
through liquid crystal layer and returning through the
same in the reflection display section, and suitably for
the light passing through the liquid cryétal layer in the
transmission display section.

For this reason, it is preferable to>arrange the
liquid crystal display of the present invention in such
a manner as to further comprise voltage applying means
for applying a voltage to the liquid crystal layer in
such a ménner that display light on the reflecting means
of the reflection display section has a phase difference
of approximately -90° between the lighﬁ display and the
dark display, and so that display light going out from
the liquid crystal 1layer in the transmission display
section has a phase difference of approximately 180°
between the light display and dark display.

In this case, it is preferable that the liquid
crystal layer is aligned with a twist between the rair of
substrates at a twist angle in a range between 60° and

100° inclusive, or in a range between 0° and 40°

inclusive.
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When the liquid crystal is assembled in such a
manner that the liquid crystal layer is aligned with a
twist between the pair of substrates at a twist angle in
a range between 60° and 100° inclusive, a change of the
almost rotatory polarized light along the twist of the
director configuration of the liquid crystal can be used
for the» display in the liquid crystal layer in the
transmission displéy section;’wheréas in thé-refection
display section, a <change of the polarized 1light
controlled by the optical rotatory polarization and
retardation can be used for the display.

When the 1liquid crystal is assembled in such a
manner that the iiquid crystal layer is aligned with a
twist between the pair of substrates at a twist angle in
a range between 0° and 40° inclusive, a change of the
retardation can be used for the display in the liquid
crystal layer both in the transmission display section
‘and reflection display section.

Also, in the liquid qrystal dispiay of the present
invention, satisfactory display can be shown even if the
director configuration of the liquid crystal is only
changed alongvan in-plane orientation parallel to the
substrates.

To be more specific, the liquid crystal display of

the present invention may be arranged in such a manner
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that the liquid crystal display element shows the display
by changing the director configuration of the liquid
crystal layer by rotating liquid crystal molecules in
parallel with the pair of substrates in at leasﬁ one of
the reflection display section and the transmission
display section.

Further, in_the.preSent invention, the d:awback of
“the in—piane Aswitching method; that is, low ‘light
utilization, can be overcome by positively exploiting for
display, as reflection display, the insufficient director
configuration of the liquid crystal that causes the low
transﬁittance. In other words, the 1liquid crystal
display of the present invention may be arranged in such
a maﬁnér that the 1liquid crystal display element
includes, in one of the reflection display section and
transmission display sectioﬁ, voltage applying means for
generating an electric field in the liquid crystal
display along an in-plane direction of the pair of
substrates. |

The liquid crystal iayer may be aligned either in
parallel with the display surface 1like in most of the
conventional cases, or perpendicular to the display
surface. In other words, the liquid crystal display of
the present invention may be arranged in such a manner

that at least one of the pair of substrates includes a
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vertical aligning alignment film on a surface touching
the liquid crystal layer at a region corresponding to at
least one of the reflection display section and the
transmission display section.

When the vertical aligning alignment film is
provided to the substrate and the liquid crystal is
aligned perpendicular to the substrates in the above
manner, there can be offered an édvantage that a dispiay
contrast ratio can be improved, which has an advantageous
effect in showing satisfactory display on the liquid
crystal display.

In addition, wheﬁ color display is shown on the
liquid crystal display of the present invention, not
only thevliquid crystal layer, but also design of the
color filter layér is critical, which plays an important-
role in color.reproduction- According to the study of
the inveﬁtors of the present invention, the 1liquid
crystal display of the transflective type includes two
styles. |

One is a style that mainly shows the transmission
display in general use and uses the reflection display
supplementarily, so that the wash-out can be prevented
under the lighting environment where the ambient light is
too strong, and therefore, this étyle can be used in

diversified lighting environments compared with displays
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of the luminous type and liquid crystal displays which
show transmission display alone. The other is a style
that mainly shows the reflection display in general use,
thereby exploiting the advantage of the reflection
display that the power consumption is small, and turns ON
the lighting device known.as the back light under the
_circumstances .where the lighting is too weak, and
thefeforé; like the former style, this style can be also
used in diversified lighting environments.

In thé former style, (the style showing the
transmission display mainly), by providing a color filter
having a transmission color at least to a region
corresponding ﬁo the transmission display section in a
region férming the display region of each pixel on one of
the pair of substrates, it has become possible to provide
a liquid crystal display with excellent visibility,
capable of showing high-resolution color display while
using both the reflected light and transmitted light for
the display.

When the color display is shown in the above manner,
it is effective if the color filter having a transmission.
color is provided at least to the transmission display
section in each pixel, and the reflection display section
either is not provided with a color filter, or is at

least partially provided with a color filter having the
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same brightness as the color filter provided to the
transmission display section, or with a color filter
having a transmission color brighter than that of the
color filter provided to the transmission display
section.

This is because when the color filter used for the
transmission display section.is used for the reflection
displéy section direétly, the‘. brightnessA becomes
insufficient. Thus, when showing the color display in
the reflection display section, the brightness can be
compensated by either forming in the reflection display
section a region having no color filter, or providing the
reflection display section with a color filter having a
transmission color brighter than the transmission color
of the color filter provided. Consequently, the color
display can be shown in the reflection display while
securing necessary reflectance for the reflection‘display
section.

Since the display 1light paéses throughvthe color
filter twice in the reflection display section, it is
preferable to use a color filter having a transmission
color brighter than the one in the transmission display
section for the reflection display section.

Also, in the former style mainly using the

transmission display, when the reflection display section
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is arranged to have a region where no color filter is
formed, a display voltage signal necessary for the
transmission display is a signal suitable for the color
display, and when the color filter is not used at all in
the reflection display section, a displéy voltage signal
necessary for the transmission display is a signal
suitable for the monochromg display. Thus, in the case
where né éolor fiitei‘ is provided in. the reflection
display section, the percentage of the contribution of
the pixels of respective colors to the brightness is in
proportion to the luminous transmittance in respective
colors in the transmission display section, but it is
equal in the reflection display section. Hence, in the
case whefe no color filter is provided in the reflection
display section} it is preferable to change the area of
the portion of the reflection‘display section where the
color display is not shown in accordance with the
luminous' transmittance in the color of each color filter
used for the transmission display.

In the latter style (the style mainly using the
reflection display), by providing a color filter having
a transmission color at least to a region corresponding
to the reflection display section in the region forming
the display region of each pixel on at least one of the

pair of substrates, it has become possible to provide a
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liquid crystal display with excellent visibility and
capable of showing high-resolution color display and
using both the reflected light and transmitted light for
the display.

When the color display is shown in the above manner,
it is effective if the color filter having a transmission
color,is(providedAat least - to the reflection display
bsécti&n in each pixél, énd.the transmission>dis§lay
section either is not provided with a color filter, or is
at least partially provided with a color filter, having
a transmission color with chroma as good as or better
than the chroma of the transmission color of‘the color
filter provided to the reflection display section.

In this style mainly using the reflection display,
when the transmission display section shows the
monochrome display by omitting the color filter, the
transmission display section can be made smaller because
the light transmittance increases. Accordingly, a larger
area can be secured as the reflection display section,.
and as a consequerice, more satisfactory display can be
obtained in the reflgction display in the normal use.

In this style mainly using the reflection display,
the contribution of ‘the monochrome display in- the
transmission display section of each pixel to brightness

can be set adequately in consideration of the luminous
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transmittance by changing the area of the part of the
transmission display section where the color display is
not shown, in response to the luminous transmittance in
each color of the color filter used for the reflection
display.

Also, as has been explained, since the liquid
crfstal display of the present invention has the
reflection display séction, it renders | the
characteristics of the conventional liquid crystal
display of the reflection type, namely, small power
consumption. However, if power consuming illumination
light is kept " turned ON, the power consumption
undesirably increases.

Thué, it is preferable to arrange the liquid crystal
display of the present invention in Such a manner as to
furﬁher comprise a lighting device for emittiﬁg light to
the liquid crystal display element from'-behindq the
lighting device also serving as display sufface luminance
changing means for changing luminance on the display
surface.

According to the above arrangement, satisfactory
visibility is realized while reducing the power
consumption by changing the luminance on the' diéplay
surface by means of the lighting device.

In this case, it is preferable that the lighting
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device changes the luminance on the display surface in
response to adapted luminance in such a manner as to
attain perceived brightness ranging from 10 brils
inclusive to 30 brils exclusive.

The pefceived brightness is determined by the
adapted luminance and the luminance on the display
surface. Here, to realize satisfactory visibility while
reducing the pdwerAconsumétioﬁ, it\is very preferabie,
if, in changing the brightness of the display surface to
attain the foregoing perceived brightness, the lighting
device changes its ON/OFF state or luminance in respbnse
to the display content on the liquid crystal display and
the adapted luminance which varies with the visual
circumstances such as the lighting. In particular, in
case that the lighting device is controlled from outside
the liquid crystal display element by pressed coordinate
detecting type input means, such as a touch panel, the
above effect becomes more noticeable.

In addition, according to the above arrangement, the
visibility can be improved where the transmission display
is mainly responsible for the display. Thus, there can
be offered an effect that satisfactory visibility can be
realized with reduced power consumption. |

The liquid crystal display of the transflective type

of the present invention is particularly advantageous in



-279-

that the pressed coordinate detecting type input means,
such as a touch panel, can be used more readily compared
with liquid crystal displays of the reflection type which
uses a so-called front light. Hence, to provide a low-
power consumption liquid crystal display incorporating
the input device, it is effective

to realize satisfactory display on the display of the.
transflective type USing the pressed coofdinate detecting
type input means.

In other words, it is preferable that the 1liquid
crystal display of the present invention further
comprises pressed coordinate detecting type input means,
superimposed on a display surface, which, when pressed,
detect a.pressed coordinate position.

Further, in case that such pressed coordinate
detecting type input means is used, whether the viewer is
using the display oxr not can be readily detected by a
signal from the pressed coordinate detecting type input
means. Thus, to realize satisfactory visibiliﬁy while
reducing the power consumption, it is effective to change
the luminance on the display surface by changing the
luminance of the lighting device (which affects overall
power consumption of the liquid crystal display), or to
change the director configuration of the liquid crystal,

in response to the above signal from the pressed
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coordinate detecting type input means.

For this reason, it is preferable that the liquid
crystal display of the present invention further
comprises pressed coordinate detecting type input means,
superimposed on the display surface, which, when pressed,
detect a pressed coordinate position, wherein the
lighting‘ device chapges the luminance on the display
surface in associatioﬁ with an output signal from the
preésed coordinate detecting type input means.

Also, it is preferable that the 1ligquid crystal
display of the present invention further comprises
pressed coordinaﬁe detecting type input means,
superimposed on a display surface, which, Qhen pressed,
detect a pressed coordinate position, wherein the
alignment mechanism changes the directqr_configuration of
the liquid crystal layer 1in at least one of the
reflection display section and the transmission display
section in association with an output signal from the
. pressed coordinaﬁe detecting type input means. |

Moreover, it ié préferable that the liquid crystal
display of the present invention further comprise pressed
coordinate detécting type input means, superimposed on a
display surface, which, when pressed, detect a pressed
coordinate position, and a polarization plate, the

polarization plate, the pressed coordinate detecting type
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input means, and the liquid crystal display element being
provided in that order.

According to the above arrangehents, an effect that
a low-power consumption liquid crystal display
incorporating the input device can be provided, which
uses birefringence for the display, and which includes a
polarization plate and pressed coordinate detecting type
ihput means. In additidh, sétisfactory Qisibility can bé
attained because the polarization plate also absorbs
unwanted reflected light from the pressed coordination
detecting type input means.

The inventionA being thus described, it will be
obvious that ﬁhe same may be varied in many ways. Such
variations are not to be regarded as a departure from the
spirit and sdope of the invention, and all such
modifications as would be obvious to one skilled in the

art are intended to be included within the scope of the

following claims.
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